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UBER DEN EINFLUSS VON BLEITRYPANBLAU 
AUF TEERKREBS BEI WEISSEN MaUSEN. 

(Vorlaufige Mitteilung). 

Von Svavtc Riirscll. 

(Eingegangen bei der Redaktion am 26. Februar 1940). 

Seitdem Blaire Bell seine erslen aufsehenerregenden Ar- 
beiten iiber Behandlung inopcrabler Krebsfalle mil kolloidalen 
Bleipriiparaten verdffentlicht hat, ist eine reiche Literatur auf 
diesen Gebiet erschienen. Wenngleicli die vielen Nachunter- 
suchungen von mit verschiedencn Praparaten behandelten Fal- 
len wechselnde Resultate ergeben haben, findet sich doch eine 
ganze Anzahl Arbeiten, in denen vielleicht nicht iiber eine 
ganz sichere Heilung, aber doch jedenfalls iiber eine merk- 
liche Besserung der Palienten bis zu voller Arbeilsfaliigkeit 
berichtet ^^^rd. Wenn auch natiirlich gleichzeitig alle mogliche 
anderen therapeutischen Mittel angewandt werden, um das 
Wachstum und die Verbreitung der Tuinoren im Organismus 
zu bekampfen, muss man doch den Bleipriiparaten eine gews- 
se Bedeutung bei der sog. klinischen Heilung von inoperablen 
Kanzer zuschreiben. Indes ist noch keine Untersuchung ver- 
offentlicht worden, in der an einem hinreichend grossen Ma- 
terial der Einfluss von Bleipriiparaten allein auf Krebs under 
Beurteilung des Resultats nach statistischen Methoden gepriift 
worden wiire. Die Vornahme einer derartigen Untersuchung 
diirfte daher von gewissem Interesse sein. Auf Anregung von 
Prof. med. Dr. E. Louis Backman habe ich deshalb eine Unter- 
suchung iiber die Wirkung von Bleitrypanblau auf den durch 
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Teerpinselung bei weissen Mausen hervorgerufenen Kanzer be- 
gonnen. Ich benutze die Gelegenheit. Herrn Prof. Backman 
meinen warmen Dank fur sein woblwollendes Interesse und 
seine wertvollen Ratschlage im Verlauf meiner Arbeit auszu- 
sprechen.*) 

Blaire Bell nahm seine Untersuchungen an Patienten mil 
inoperablen Kanzer in verschiedenen Organen vor. Er war der 
Ansicht, dass Blei eine spezifische Wirkung auf die Kanzer- 
zellen hat, weil geeignete Bleidosen Nekrosen im Chorionepi- 
theliom hervorrufen. Ausserdem hatte er in ein paar Fallen 
mehr Blei im Tumor als im umgebenden Gewebe gefunden. Im 
Jahre 1929 veroffentlichte er eine Statistik iiber 566 behan- 
delte Falle; von diesen wurden 51 als geheilt angesehen, und 
in 12 Fallen war die Progression der Krankbeit vollstandig 
zum Stillstand gekommen. Zweifellos starben eine Anzahl Pa- 
tienten an Bleivergiftung, wenigstens wahrend einer Periode 
im Anfang der Untersuchung, als die Patienten ambuldtorisch 
behandelt wurden. Deshalb ging man spater zu KrankenliauS- 
behandlung iiber, wobei das: Blutbild und andere klinische 
Data sorgfaltig verfolgt wurden. 

An diese und friiher veroffentlichte Arbeiten schlossen sich 
zahlreiche Nachuntersuchungen an Tieren und Menschen an. 
Man verwendete verschiedene organische Bleipraparate, even- 
tuell in Verbindung mit gleichzeitiger Radium- oder Rontgen- 
behandlung. Viele Forscher konnten ermutigende Resultate 
verzeichnen, wenn auch nicht so gute wie Bell, wahrend an- 
dere jede Behan dlung mit Blei vollstandig verwerfen, weil sie 
nicht nur unwirksam, sondern sogar schadlich sei. 

Bargon, Horton & Osterberg benutzten kolloidales Blei- 
phosphat, eventuell in Verbindung mit Mangan oder Bleisele- 
nid, welche letztere Substanz jedoch die Toxizitat des Prapa- 
rates erhohte. Es wurden 83 Falle von inoperablem Kanzer be- 
handelt, von denen die meisten mehr als 400 mg Blei intra- 

*) Die Untei’suchungen sind mit Unterstiitzung von Lotlen Boh- 
man's Fonds fiir Krebsforschung, Stockholm, ausgefiilirt. Das vei’- 
wandte Praparat ist von Astra in Sddertalje hergestellt und giitig 
mil’ kostenlos gegeben, wofur ich meinen warmen Dank aussage. 



3 


venos bekamen. 14 Patienten waren zwei oder melir Jahre 
spater kliniscli frei von Kanzer, 7 von diesen waren jedoch 
gleiclizeitig mil Radium oder Rontgen behandelt worden. 
Bmnton beliandelte 36 Patienten mit einem aus Liverpool be- 
zogenen organischen Bleipraparat S 7. Zwei der Patienten wa- 
ren nacb 3 Jahren klinisch gesund. Fitzwilliams behandelte 
60 Falle ausschliesslich mit Bleipraparat und erzielte ermuti- 
gende Resultate. Stone Graver bebandelten 21 Patienten mit 
einem von Woodward bergestellten kolloidalen Bleiprapa- 
rat; dabei bekamen sie in 8 Fallen regressive Veranderungen 
in den Tumoren, von denen zwei als temporar klinisch geheilt 
betrachtet wurden. Die Verfasser sind der Ansicht, dass eine 
Dosis von 1,5 — 2 mg Blei die Sicherlieitsgrenze ist, welche ein- 
gehalten werden muss, um Vergiftungserscheinungen zu ver- 
meiden. Duroiix erzielte bei Verwendung von kolloidalem Blei 
mit gleichzeitiger Bestrahlungstherapie Heilung in zwei Fallen 
und ausserdem kiirzere oder langere Besserungen, fast immer 
eine Besserung des Allgemeinzustandes sowie Verschwinden 
von Scbmerzen und Blutungen. Imvieweit diese Erfolge dem 
Bleipraparat zu verdanken sind, ist unsicher, aber Duroux 
nimmt docli an, dass Bleibehandlung ein geeignetes Adjuvans 
der Strahlentherapie ist. Knox behandelte 60 Patienten mit fest- 
gestellter maligner Krankheit. Viele von ihnen erhielten gleich- 
zeitig Rontgenbehandlung. Sie bediente sicli hauptsacblich der 
1926 von Bell angegebenen Methode. Nach zwei Jahren waren 
5 Patienten am Leben, davon 3 in gutem Gesundheitszustand. 
Die Verfasserin bezeichnet es als wiinschenswert, dass die Be- 
handelten relativ jung, nicht anamisch noch kachektisch sind 
und keine zu ausgebreiteten Metastasen haben. Ferner hebt sie 
hervor, dass eine kombinierte Blei- und Rontgenbehandlung 
bessere Resultate ergibt als eine dieser Methoden allein. Todd 
injizierte 155 Patienten unter gleichzeitiger Strahlenbehand- 
lung intravenos Bleiselenium in kolloidaler Form; ein Teil 
von diesen war jedoch moribund nach vorhergegangener er- 
folgloser Strahlenbehandlung. Von den iibrigen schienen 24 
nach zwei Jahren gesund zu sein. Sechs starben an interkur- 
renten Krankheiten, und bei diesen war bei der Sektion kein 
Tumor zu entdecken. Ullman gab drei Jahre lang Bleibehand- 
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lung als Adjuvans von Strahlenbehandlung. Verschiedene Fal- 
le genesen und waren 6 Monate bis 2 Jabre nacb Abschluss 
der Bebandlung nocb gesund. Ullman glaubt bemerkt zu ba- 
ben, eine grossere Bleidosis starker wirkt als mehrere kleine. 

Eine Anzahl Autoren baben unsicbere oder vollig negative 
Resultate erbalten. Dalamier & Schwartz verwendeten zwei 
verschiedene organische Praparate, von denen das eine die- 
selbe chemische Konstitution hatte we das von Bell geprufte. 
17 Falle wurden behandelt, aber nur 5 von ihnen in genugen- 
der Weise verfolgt. Die Verfasser konnten keine andere Wir- 
kung beobachten als eine leichte Regression der Tumoren im 
Beginn der Bebandlung. Der Krankheitsverlauf im Ganzen iin- 
derte sich nicht. Polichetti behandelte 38 Falle von Kanzer in 
verschiedenen Organen mit kolloidalen Bleipraparaten, her- 
gestellt von Ganassini, konnte aber keinerlei giinstige Wir- 
kung feststellen, nicht einmal auf das Allgemeinbefinden der 
Patienten. Aub behandelte 12 Falle von Cancer mammae mit 
einem kolloidalen Bleiorthophosphat und gleichzeitiger tiefer 
Bestrahlung. 5 von ihnen starben an Bleivergiftung. Mattina 
behandelte ohne sicheren Erfolg 20 Falle von inoperablem 
Kanzer mit kolloidalem Blei in Dosen von 0,25 — 0,8 g. Kaem- 
merer hatte bei Bebandlung von 14 Fallen mit 52 %igem 
Bleisulphid in kolloidaler Losung absolut negatives Resultat. 
Reinhard & Buchwald, Dilling sowie Kawata suchten vergeb- 
lich eine Tendens des Bleies nachzmveisen, selektiv auf das 
Wachstum von Tumoren zu wirken. Sie konnten kein Blei im 
Tumorgewebe feststellen. Hinzuzufugen ist ferner, dass man 
auf der »International Conference on Cancer« in London 1928 
zu dem Ergebnis gelangte, dass Blei keine spezifische Eigen- 
schaft in bezug auf Kanzer babe, und dass seine Anwendung 
wegen seiner toxischen Wirkung ausserordentlich gefahrlich 
ist. 

Auch an Tieren mit experimentell erzeugtem Tumor, im 
allgemeinen Impftumoren, sind mit wechselnden Erfolg zahl- 
reiche Versuche ausgefuhrt worden. Es war leichter, eine hem- 
mende Wirkung auf Impftumoren zu erzielen als auf Krebs 
bei Menschen, wesbalb die Resultate bei Impftumoren schwer 
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zu bcurlcilcn sind. So hal Collier 15 vcrschicclcnc organischc 
unci anorganischc Blcisalze mil gulcin Erfolg hci Erlich’s 
Mauskarzinom vcrwcndcl. Audi hci Tumorcn cnslandcn nach 
inlralcslikuliircr Injcklion von Brown-Pcarcc’s Kaninchen- 
karzinom konslalicrlc cr hciumcndcn Einfluss cincr von Bri- 
tish Coolids Lid. hergcstclltcn Vcrhindung, welche 0,5 % Blei 
cnlhicll, den Mauslumor 1/63 zum Vcrsclnvinden zu bringen. 
Da cr glcichzcilig Radiumbchandlung gab, schreibt cr das Rc- 
sultal cincr cbaraklcrisliscbcn sekundiiren Radiation des 
Blcics zu. Andcrer Forseber konnlcn keinen bemmenden Ein- 
fluss von Blei auf TicrUnnoren fcslslcllcn. v. Postinszki) & Ot- 
tenstcin fanden nach inlrainuskularcr Injcklion von Blciprii- 
paral kein Blei im Tuinorgcwebc und zogen hicraus den 
Schluss, class Blei keinc Tumoraffinilal bcsilzl. Krebs & Clem- 
mesen bchandcllcn Tumorcn vor clcr Transplantation glcich- 
zeilig mil ihr oclcr nach clem Auswachsen des Tumors mil den 
Blcipraparalcn R 232 und R 237 B und konnlcn clabci keinen 
hciumcndcn Einfluss auf den Tumor bcobachtcn. Eggers ver- 
suchlc, das Tumorwacbslum millcisl sclckliver Vergiflung clcr 
Tumorzcllcn clurch Zuckcrvcrbinclungcn mil loxischcn Radi- 
kalcn zu hcmiucn. Flcxncr-.Iobling’s Rallcnkarzinom, welches 
zicmiich gularlig isl, vcrschwand allcrclings, aber das bosarli- 
gcrc Sarkom 30 blieb praklisch unbccinflussl. 

Ferner hal man den Effckl vcrschieclener lumoraffiner 
Farhsloffc auf Tumorcn untcrsuchl. Forssman hal cine ganze 
Rcihe lumoraffinen Farbsloffcn in Bezug auf ihre Einwirkung 
auf Teerkanzer hci weissen Mausen unlersuchl. Diesc Unlcr- 
su.chiing cincs grosses Materials gab jedoch keine ermuligcn- 
dc Rcsullale. Von alien gepriiflcn Farbsloffcn u. a. Isaminblau 
und Trypanrol zciglc sich nur Nachlgriin cine spczifischc Tu- 
moraffiniliil zu haben bci Vcrwcnclung dcr ancleren blicben 
die Tumorcn farblos. Ilinsichllich ihres Einflusscs auf die 
Enlslehimg von Karzinomcn haben sich allc untcrsuchle Farb- 
sloffen als bcdeulungslos crwicsen. Nach Nglca wirken Isamin- 
blau und Pyrrolblau hemmend auf das Wachslum von Impf- 
lumoren. v. Rosen gibl an, mil Isaminblau giinstigen Erfolg bci 
Mcnschen erzielt zu baben, Icill jedoch keine Kasuistik mil. 
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Kimura konnte keine Wirkung von Isaminblau Oder Trypan- 
blau auf Rattensarkom feststellen, wahrend Isamincholin und 
Trypancholin in 21 Fallen von 60 Heilung herbeifuhrten. Von 
30 Kaninchensarkomen heilten 13 vollstandig aus. Leivis & 
Lewis prviften den Einfluss von 80 verschiedenen Farbstoffen 
auf den Kiickentumor 1 und infektioses Myxom bei Kaninchen, 
ohne ein sicheres Resultat konstatieren zu konnen. Minegishi 
konnte keinen Einfluss von Isaminblau auf Rattenkarzinom 
beobachten. Russ & Scott steigerten die Empfindlichkeit fiir 
Strahlenbehandlung durcb vorbereitende Bebandlung mit Try- 
panblau. Thorotrast hatte gleichartige Wirkung. 

Man hat aucb eine Reihe Versuche mit Kombinationen von 
tumoraffinen Farbstoffen und Metallen gemacht. Dabei ging 
man von dem Gedanken hervor, dass der tumoraffine Farb- 
stoffe das Metall auf den Tumor iibertragen und dadurch ei- 
nen starkeren Effekt des konzentrierten Metalls auf das Tu- 
morwachstum herbeifiibren wiirde. Zadik gibt an, eine sehr 
gute Wirkung mit Wismut-Isaminblau erzielt zu haben. Er 
behandelte 109 Patienten mit insgesamt iiber 2000 Injektio- 
nen; dabei waren die Resultate bei Lungen-, Urogenital- und 
Ovarialkanzer errautigend, wahrend bei Ventrikel- und Darm- 
kanzer keine Erfolge zu bemerken waren. Woodhouse priifte 
eine Serie organischer Bleiverbindungen, u. a. Bleitrypanblau 
und Bleitrypanfot. Die Untersuchung erfolgte an durcb Teer- 
pinselung hervorgerufenen Tumoren weisser Mause. Die Her- 
stellung der Farbstoffe wird eingehend beschrieben. Sie war- 
den durcb Gelatine in Losung gehalten und subkutan oder in- 
travenos injiziert. Ein hemmender Einfluss auf die Tumoren 
war nicht festzustellen. Dagegen starben die Versuchstiere viel 
friiher als die Kontrolltiere, was darauf beruhen diirfte, dass 
sie so grosse Bleidosen bekamen. 

Ich babe Bleitrypanblau nach Woodhouse’s eigener Be- 
schreibung hergestellt. Dieses Praparat enthielt 196,7 mg % 
Bleisulphat, entsprechend 134,4 mg % metallischen Blei, vo 
bei das Blei teilweise an Gelatine adsorbiert war. Da die Do- 
sierung bei intravenoser Bebandlung 0,1 cc wochentlich be 
trug, entsprechend 6,7 mg je kg Korpergewcht, bekamen die 



Tiorcn bloss (lurch rAvciwochige Hchandlung cino Gcsamldosis, 
wclchc lieU’s huchslcn llehandlungsdoscn cnlsprichl. Daher 
isl cs nichl zu verwundern, class sic durchschnitllich nichl liin- 
gcr als 12 Woohen lohlcn. llei suhkulnnor Bchandhing bclrug 
die Dosis 0,2 ml cinmal wcichenllich. 

Icb bin von dcinsclben Gedankcngnng ansgcgangcn wic die 
zulclzl crwiibnlcn Arbcilcn. Jcdoch ballc Woodhoiisc seine 
Arbcil noeb nichl veroffenllicbl, als icb niit dicscr Unlersu- 
chung begann. Da Woodhnnsc. Nvic die mcislcn Forscher aiif 
dicscni Gcbicl mil schr kleincn Serien gcarbcilcl hal, isl cs 
fast unmdglich, seine llcsullalc zu bcurlciien, wcil sic niclil 
slalisliscb bearbcilcl wcrden kdnncn. Wcil von den lumoraffi- 
ncn farbsloffcn Tryjianblau und Hici am leichlcstcu in cine 
fcsle chcmiscbc Vcrbindung gcbrachl wcrden kdnncn, wurde 
diesc Kombinalion gcwabll. Das Prodnkt war in Wasser zicin- 
licb schwcr Idslich. Die in Zimmcrlcmpcralur gcsalligl I.u- 
sung cntbiill 10,:i7 mg % fcsle Subslanz, cnlsprcchcnd 4,24 mg 
% mclalliscben IMci. Sic crwies sicb als wcnig loxisch. 20 
Miiusc, welcbc wdcbenllich subkulan iiber clem Sacrum 6 In- 
jcklioncn von 0,4 ml Fliissigkcil jc 20 g Korpcrgcwicbt cr- 
hicllen, Icblcn durcbscbnilllich ca. 5 Monale, 4 von ihncn iiber 
8 Monalc. Die am liingslcn Icbcnden Tierc bckamen cine Gc- 
samldosis von 6,1 mg mclalliscUcm Rlci, enlsprcchcnd 305 mg 
jc kg Korpergcwic.bl (glcicb cine Dosis von 21 g Blci fiir eincn 
miltclgrosscn Mcnscbcn). 


Mclhodik. 

Das Priijmral wurde bei Zimmcrlcmpcralur in slerilcr 
Aqua dcslillala (lurch Scbiillcln gclosl und dann in cincm 
Mcsskolbcn mil eingescbliffcncm GlassUipscl aufbcwabrt. Das 
krislalliniscbc Priiparal, welches im Exsikkalor verwahrt wur- 
de, muss wcgen dcr Toxiziliil dcs Blcies als sleril bclrachlet 
werdcn. Die Losung wurde wdcbenllich oder allc zwei Wo- 
cben crncucrl, Es wurde darauf geseben, class sic vor der An- 
wendung immer klar war. Vor den Injcklioncn wurde 65 %- 
iger Alkobol (lurch Sprilze und Kaniilc gesaugl. Die Injeklio- 
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nen fanden in der Weise statt, dass ungefahr die halbe Menge 
auf jeder Seite des Tieres eingespritzt wurde, um die Resorp- 
tion zu erleichtern und die Entstehung oberflachlicher Haut- 
nekrosen zu verhindern. In einem Teil der Falle bekamen die 
Miiuse trotzdem eine oberflachliche Hautnekrose iiber der In- 
jektionsstelle. Nacb etwa einer Wocbe trat Demarkation und 
Heilung ein, obne dass der Allgemeinzustand der Tiere merk- 
licb beeintracbtigt wurde. 

Die Untersucbung umfasst bisher 520 Mause, davon 281 
Versuchs- und 239 Kontroiltiere. Das Durchschnittsalter bei 
Versuchsbeginn diirfte in den beiden Gruppen ungefahr 3 Mo- 
nate betragen haben. Ca. 40 % der Weibchen und ca. 30 % 
der Mannchen bekamen Tumoren, was mit VaiinfdlVs Fest- 
stellung iibereinstimmt, dass Weibchen haufiger durch Teer- 
pinselung Kanzer bekommen als Mannchen. 

Die Methodik, die bei der Fiitterung, der allgemeinen Pfle- 
ge und der Teerpinselung der Tiere befolgt wurde, ist in Vann- 
fdlt’s Arbeit »Ober die Einwirkung von Glykose auf Teertumo- 
ren bei weissen Mausen« ausfuhrlich beschrieben. Als Ver- 
suchstier diente die gewohnliche weisse Laboratoriumsmaus. 
Da der Tierstamm in mehreren Sendungen von dem Lieferan- 
ten geschickt wurde, teilte ich jede Gruppe in zwei ungefahr 
gleich grosse Teile fiir Versuchs- und Kontroiltiere ein, wobei 
ich bestrebt war, auch die Verteilung auf die Geschlechter 
gleichmassig zu machen. Die Mause wurden von Anfang an 
zu je 5 in Kafigen von 30 X 20 X 18 cm Grosse gehalten, die 
in wer Abteilungen geteilt waren. Neben einer Abteilung mit 
Weibchen befand sich immer eine mit Mannchen. Die Kafige 
mit den Kontroll- und den Versuchstieren standen abwechs- 
lend neben ein an der, damit Zug vom Fenster, Licht und an- 
dere eventuell schadliche Faktoren das Resultat nicht beein- 
flussen konnten. Die Tiere wurden 20 Wochen lang dreimal 
wochentlich auf einer ca. Vz cm- grossen Stelle zwschen den 
Schulterblattern mit Steinkohlenteer gepinselt, wobei darauf 
gesehen wurde, dass alle Tiere moglichst gleich viel Teer be- 
kamen. Das verwendete Praparat tragt den Namen Saxolin- 
teer und stammte von Fjeldhammers Brug in Norwegen. 
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Die.Versuchszeit begann, sobald die Miiuse deutliche War- 
zen von Stecknadelkopf- bis Hirsekorngrosse aufwiesen. Die 
Versuchstiere erhielten dreimal wochentlich iiber dem Sacrum 
eine subkutane Injektion von 0,4 ml konzentrierter Bleitrypan- 
blaulosung je 20 g Korpergewicht. Die Versuchszeit betrug 5 
Monate nach der Entstehung der Tumoren. Die wenigen Tiere, 
die dann noch am Leben waren, wurden getdtet. Einige der 
Versuchstiere starben verhaltnismassig bald nach Beginn der 
Behandlung. Bei einer Versuchszeit von 70 Tagen betrug die 
gesamte Behandlungsdosis ca. 15 ml, entsprechend 32 mg 
metallischen Blei je kg Korpergewicht. Nach den Versuchen 
von Blaire Bell und anderen kan man erst nach relativ gros- 
sen Dosen einen Effekt der Behandlung ei’warten. Bell’s Pa- 
tienten erhielten insgesamt 500 — 900 mg Blei intravenos, und 
erst bei den grosseren Dosen konnte er Resultate konstatieren. 

Die Angabe der Entstehungszeit der Tumoren kann hdeh- 
stens um einige Tage unrichtig sein, da die Tiere vor jeder 
Teerpinselung untersucht wurden. Da diese Fehlerquelle fur 
Versuchs- und Kontrolltiere dieselbe ist, kann sie keine Rolle 
fiir das Resultat spielen und muss bei zunehmender Versuchs- 
zeit immer mehr an Bedeutung abnehmen. 

Die toten Tiere wurden in 10 %igem Formalin gehartet und 
sorgfiiltig obduziert. Da alle Mause laufend numeriert waren 
und nicht angegeben war, ob es sich um Kontroll- oder Ver- 
suchstiere handelte, wurden alle mit ganz dem gleichen In- 
teresse untersucht. Hierauf wurden von alien Tumoren, 
Lymphdriisen und makroskopisch verdachtigen Organen Pa- 
raffinschnitte mit Fiirbung nach van Gieson hergestellt. Von 
jedem Praparat wurden eine Anzahl Schnitte aus verschiede- 
ner Tiefe entnommen, damit keine mikroskopische patholo- 
gische Veriinderung hei Untersuchung der Schnitte iibergan- 
gen werden konnte. Ich war hestrebt, bei alien Praparaten mit 
derselben Sorgfalt zu arbeiten, was nicht schwer war, da alle 
diesselbe laufende Nummer hatten wie die Mause und nicht 
angegeben war, ob es sich um Versuchs- oder Kontrolltiere 
handelte. 



10 


Resultat. 

Die Untersuchung umfasst bisher -520 Mause, von denen 
ca. 37 % Tumoren bekamen. In der ersten Zeit nach Beginn 
der Teerpinselung trat eine ziemlich grosse Sterblichkeit in- 
folge von Intoxikation ein. Dies diirfte darauf beruhen, dass 
diese Tiere empfindlicher gegen den Teer waren, weil sie bei 
Versuchsbeginn nicht ganz gesund waren. Nach dem ersten 
Monat war die Sterblichkeit dann ungefahr gleich gross je 
Zeiteinheit. 

Das Material ist noch nicht vollstandig bearbeitet, wes- 
halb ich bei Besprechung des Resultats nur die Tiere beriick- 
sichtige, die xiber 60 Tage nach Entstehung des Tumors gelebt 
haben. Erst nach dieser Zeit kann man ja ein Ergebnis der 
Behandlung envarten, da die Manse vorher zu kleine Blei- 
dosen bekommen haben. 

Die mittlere Versuchszeit vor der Entstehung des Tumors 
erhalt man, indem man die Mittehverte fiir die Zeit vom Be- 
ginn der Teerpinselung bis zur Entstehung des Tumors nebst 
ihren mitteleren Fehler berechnet. Diese sind fiir die Kon- 
trolltiere: 

Weibchen 115,4 + 27,6 (36 Tiere) Tage 

Mannchen 111,7 + 29,2 (17 Tiere) Tage; 
fiir die Versuchstiere: 

Weibchen 122,4 ± 22,0 (38 Tiere) Tage 

Mannchen 113,3 + 34,7 (22 Tiere) Tage. 

Aus dieser Obersicht geht hervor, dass die Disposition zu 
Tumor in beiden Tiergruppen gleich gross war und also das 
Versuchsergebnis nicht beeinflussen kann. 


Tabclle /. 

A. Anzalil iiberlebender Tiere am Ende jedes Versuchsmonate, be- 
recbnet in Prozent der Anzabl Tiere, welche Tumoren bekamen. 



1. Monat 

2. Monat 

3. Monat 

4. Monat 

( Mannchen 

85,72 

52,38 

37,38 

19,05 

Versuchstiere | -^veihchen 

85,96 

68,42 

35,26 

15,79 

f Mannchen 

91,11 

77,78 

51,85 

22,22 

KontroIItiere -j ^eibciien 

93,62 

85,11 

36,17 

10,64 
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B. Diffezenz zwischen del’ Anzahl uLei’leliender Kontroll- und Ver- 
suchstiere in Prozent der Anzahl Tiere, die in den einzelnen Grup- 
pen Tumoren bekamen. 


Nacli dem 1. klonat IMannchen 
Weibchen 

» >> 2. >> kltlnnchen 

Weibchen 

» » 3. » Mannchen 

Weibchen 

>> . » 4. » IMannchen 

Weibchen 


+ 5,39 + 8,04 % 
+ 7,66 + 6,01 % 
+ 25,40 + 11,56 % 
+ 16,69 + 8,29 % 
+ 14,47 + 12,09 % 
+ 0,91 ± 9,43 % 
+ 3,17 ± 9,80 % 
+ 5,15 ± 6,61 % 


Hieraus ist ersichtlich, dass die Sterblichkeit am Ende des 
zweiten Monats bei den Versuclistieren sowobl fur die Mann- 
chen als fiir die Weibchen grosser ist als bei den Kontroll- 
tieren und dass dieser Unterschied statistisch wahrscheinlich- 
gemacht ist. Dies diirfte darauf beruhen, dass die toxische 
Wirkung des Bleies die Sterblichkeit der Tiere erhoht. Im drit- 
ten und noch deutlicher im \’ierten Monat besteht numerische 
Identitiit zwischen Versuchs- und Kontrolltieren. Diese An- 
derung kdnnte sich dadurch erklaren, dass das Blei vermoge 
eines hemmenden Einflusses auf die Metastasierungstendenz 
der Tumoren die durch die Tumoren bedingte Mortalitiits- 
steigerung vermindert und so die durch die Toxizitat des 
Bleies eventuell erhohte Sterblichkeit ausgeleicht. Das Bleipra- 
parat hat sich ja iibrigens, wie oben erwahnt, als wenig toxisch 
enviesen. 

Das mittlere Tumoralter, d. h. der Mittelwert nebst seinem 
mittleren Fehler fiir die Zeit, welche die Tiere nach der Ent- 
stehung.des Tumors lebten, betragt fiir die Tiere, die langer 
als 60 Tage nach der Entstehung des Tumors am Leben 
blieben: 

Versuchstiere: 99,32 + 24,86 Tage (60 Tiere) 

Kontrolltiere: 97,53 + 28,76 Tage (52 Tiere) 

Das mittlere Tumoralter der Mannchen betragt fiir die 
Kontrolltiere 105,94 + 22,98 Tage und fiir die Versuchstiere 
105,52 + 26,59 Tage. 

Das mittlere Tumoralter fiir die Weibchen ist bei den Kon- 



12 


trolltieren 87,95 + 20,66 Tage und bei den Versuchstiereu 
95,21 + 20,45 Tage. 

Die Tumoren diirften deshalb in einem bestimmten Alter 
bei KontroII- und Versuchstieren im wesentlichen dieselbe In- 
tensitat der Metastasierungstendenz besitzen. Da das mittlere 
Tumoralter bei den beiden Tiergruppen numerisch identisch 
ist, hat es keinen Einfluss auf die Metastasierungstendenz zu- 
gunsten einer der beiden Gruppen. 

.Wenn man, um beim Vergleicb zwischen KontroII- und 
Versuchstieren geniigend \nele Tiere in jeder Gruppe zu be- 
kommen und Gleichzeitig den Einfluss der Behandlungszeit 
auf die Metastasierungstendenz zu erkennen, die Tiere in zwei 
Gruppen mit einem Tumoralter von 61 — 100 bzw. .101 — 160 
Tagen eingeteilt, erhalt man folgendes Resultat: 

Tumoralter 61 — 100 Tage: Von den Versuchstieren haben 

15 von 33 Metastasen = 45,5 %, und von den Kontrolltieren 
haben 16 von 32 Metastasen = 50,0 %. Die Differenz zwschen 
KontroII- und Versuchstieren betragt dann 4,5 ± 12,4 %, d. h. 
es herrscht numerische Identitat zwischen dem heiden Grup- 
pen. Die Behandlung hat also wahrend dieser Zeit keine nach- 
weisbare hemmende Wirkung auf die Metastasierungstendenz 
der Tumoren ausiiben konnen. 

Tumoralter 101 — 160 Tage: Von 20 Kontrolltieren haben 

16 Metastasen, wahrend 11 Versuchstiere von 28 Metastasen 
aufweisen, entsprechend 80,0 bzw. 39,3 %. Die Differenz zw- 
schen KontroII- und Versuchstieren ist 40,7 + 12,9 %. Die Be- 
handlung hat also bei einer Dauer von iiber 100 Tagen eine 
statistisch sichergestellte Herabsetzung der Metastasierungs- 
tendenz bei den Versuchstieren herbeigefiihrt, die fiber drei- 
mal so gross ist als ihr mittlerer Fehler. 

Will man das Material daraufhin untersuchen, imvieweit 
das Geschlecht einen Einfluss auf das Behandlungsresultat 
hat, so muss man alle Tiere mit einem Tumoralter fiber 60 
Tage mitrechnen, um genugend viele Tiere in jeder Gruppe zu 
bekommen. Bei diesem Verfahren erhalt man natfirlich ein 
schlechteres Ergebnis, als wenn man nur Tiere mit einem Tu- 
moralter fiber 100 Tage berficksichtigen wfirde. 
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Tabelle 2. 

Tabelle liber die Anzabl Tieve, die innerhalb eines Zeitraums von 
10 Tagen seit der Entstehung des Tumors stai’ben. Mannchen und 
Weibchen sind in jeder Gruppe getrennt aufgefiilirt. Die Tabell gibt 
an, ob die Tiere, welclie samtliche histologiscli fesfgestellte maligne 
Tumoren haben, an einer Oder mehreren Stellen (Lj^mplidriisen, 
Lungen, Leber Oder Nieren) Metastasen aufweisen oder nicht. 


Kontrollticre. 


Tumoralter 
in Tagen 


Gesclileclit 

Tiere ohne 
^letastasen 

Tiere niit einer 
Metastase 

Tiere mil 2 oder 
mehr Metasta- 
sen 

Anzabl Tiere in 
jeder Gruppe 



Versxichs tiere. 
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Tumoralter iiber 60 Tage: 

Weibchen: Von den KontroIItieren haben 17 von 35 Meta- 
stasen = 48,8 %, wahrend 19 Versuchstiere von 39 Metastasen 
haben = 48,6 %. Die Differenz zwnschen Kontroll- und Ver- 
suchstieren ist 0,2 ±11,6 %. Die Behandlung hat also keinen 
hemmenden Effekt auf die Metastasierungstendenz der Tumo- 
ren bei den Weibchen gehabt. 

Mdnnchen: Von den KontroIItieren haben 15 von 17 Meta- 
stasen, die entsprechenden Ziffern bei den Versuchstieren sind 
7 von 22; die Prozentzablen sind 88,2 bzw. 31,2 %. Die Diffe- 
renz ist 57,0 + 12,7 %. Die Behandlung hat also eine statis- 
tisch sichergest elite Herabsetzung der Metastasierungstendenz 
der Tumor en bei den Mdnnchen um mehr als das Vierfache 
ihres mittleren Fehlers zur Folge gehabt. 

Nach diesem Resultat kan man erwarten, dass die Behand- 
lung mit Bleitrypanblau auch die Neigung zu gleichzei tiger 
Metastasierung an mehreren Stellen im Organismus vermin- 
dern wird, d. h. dass die Behandlung die Malignitat der Tu- 
moren uberhaupt herabsetzt. Bei Weibchen mit Metastasen 
an zwei oder mehr Stellen besteht numerische Identitat zw- 
schen Kontroll- und Versuchstieren, wahrend man bei den 
Mannchen moglicherweise einen Unterschied ablesen kann. 
Wahrend 35,7 % der Kontrollmannchen Metastasen an zwei 
Oder mehr Stellen aufweisen, ist dies bei den Versuchsmann- 
chen nur in 9,1 % der Fall. Die Differenz ist 26,3 + 13,1 %, 
also nur statistisch wahrscheinlichgeraacht. Dies beruht dar- 
auf, dass das Material fiir diese Berechnung zu klein ist. 

Um zu sehen, ob die Behandling einen Einfluss auf das 
Wachstum der Primartumoren hat, habe ich das mittlere Tu- 
morwachstum je Tag in mg fiir Tiere mit einem Tumor von 
uber 100 mg Gewicht berechnet. Diese Mindestgrdsse wahlte 
ich um allzu grosse Fehler beim Ausschneiden und Wagen 
zu vermeiden. Das Tumorwachstum wurde je Tier und Tag 
von dem Tage, an dem der Tumor entdeckt wurde, bis zum 
Tode des Tieres berechnet. Hierauf wurde der Mittelwert mit 
seinem mittleren Fehler fiir samtliche Tiere in den verschie- 
denen Gruppen berechnet. Dabei ergaben sich folgende Werte; 



15 


l^’ersuchstiere 


Kontrolltierc 


]Mittleres Tumorwaclistum je Tag 

f Mtinnchen 20,47 + 14,41 mg (25 Stuck) 
( Weibchen 22,25 + 21,94 mg (35 Sttick) 
J jMamichen 44,44 + 58,19 mg (19 Stuck) 
\ Weibchen 33,79 + 29,93 mg (34 Sttick) 


Hieraus geht hervor, dass die Mannchcn und Weibchen 
der Kontrolltierc nur ein numerisch grosseres mittleres Tu- 
niorwachstum je Tag haben als die Mannchen und Weibchen 
der Versuchstiere. Dies beruht moglicherweise darauf, dass 
das Material fiir diese Berechnung zu klein ist. Man kann also 
keine Schlusse ziehen, ob die Behandlung einen hemmenden 
Einfluss auf das Tumorwachstum der Primartumoren aus- 
geiibt hat oder nicht. 


Diskussion. 

Eine makroskopische Besiclitigung der Versuchstiere zeigt, 
dass das subkutane Gewebe an der Injektionsstelle stark blau- 
geflirbt ist. Farbstoffe in reichlicher Menge finden sich fer- 
ner in der Leber und Milz soAN-ie, wenn auch nicht so \del, in 
den Nieren, Nebennieren und Lymphdriisen. Dagegen ist nur 
in einige Fiille eine leichte Blaufarbung der Primartumoren 
zu entdecken. Durcli die clicmische Bindung an Blei verliert 
also Trypanblau seine Tumoraffinitat. Die hemmende Wir- 
kung A’on Bleitrypanblau auf die Metastasierungstendenz 
konnte darauf beruhen, dass es vermoge der Toxizitat und 
des allgemeinen garungsliemmenden Einflusses des Bleies 
durch sein Vorhandensein in den Lymphdriisen und anderen 
Organen verhindert, dass metastatische Tumorzellenverbande 
in diesen wachsen. 

Audi ein geschlecbtgebundener Faktor ist mit im Spiel e, 
da Bleitrypanblau nur bei den Mannchen hemmend auf die 
Metastasierungstendenz wirkt. Vannfdlt fand, dass bei einem 
Tumoral ter von 61 — 150 Tage bei den Kontrolhveibchen eine 
grossere Tendenz zu Krebsmetastasen in den regionalen 
Lymphdriisen bestand als bei den Kontrollmannchen und dass 
dieser Unterschied zwischen den Geschlechtern statistisch 
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sichergestellt war. In meinem Material tritt nur ein numeri- 
scher hervor, und zwar zugunsten der Mannchen (die Diffe- 
renz zwischen den Mannchen und den Weibchen der Kontroll- 
tiere betrug 16,0 + 13,8%). Dies spricht nicbt gegen Vann- 
fdWs Resultat, sondern beruht darauf, dass mein Material 
fixr diese Berechnung zu klein ist. 

Dass das Geschlecht mit seinen speziellen Hormonen Ein- 
fluss auf die Wachstumstendenz des Kanzers hat, steht ausser 
Zweifel. Bis jetzt liegen jedoch haupsachlich Arbeiten vor, 
welche fiir oder gegen die kanzerogene Wirkung der weibli- 
chen Geschlechtshormone sprechen. So fanden Burns, Suntzeff 
<£ Loeb, Gilmour, Zondek; Gardner, Smith, Strong & Allen 
u. a., dass weibliche Geschlechtshormone, in relativ grossen 
Dosen wahrend langerer Zeit, Tumoren hervorzurufen oder 
auch nur die Malignitat vorhandener Tumoren zu steigern ver- 
mogen. Andererseits sind Bischoff & Maxwell, Butenandt so- 
■v\ie Dodds der Ansicht, dass weibliche Geschlechtshormone 
keine kanzerogene Wirkung ausuben. Schockhaert glaubt 
festgestellt zu haben, dass Graviditat das Wachstum von Kan- 
zer begiinstigt, wahrend Farati entgegengesetzter Auffassung 
ist. Heiman & Krehbiel fanden, dass Kastration bei Mannchen 
das Wachstum von Impftumoren steigert, wahrend Kastra- 
tion bei Weibchen die entgegengesetzte Wirkung hatte. Dies 
soil dafiir sprechen, dass die normal vorkommenden Hormone 
einen gewissen Einfluss auf das Kanzerwachstum haben, wo- 
bei mannliche Hormone hemmend, weibliche fordernd wir- 
ken. Ferner kann sich Vannfdlt’s Resultat bei Normalmaterial 
hierdurch erklaren. 

Die vorliegende Untersuchung hat gezeigt, dass die Be- 
handlung mit Bleitrypanblau einen statistisch sichergestellten 
hemmenden Einfluss auf die Tendenz der Tumoren hat, Me- 
tastasen in den Lymphdriisen von Mannchen zu setzen. Bei 
den Weibchen hat die Behandlung dagegen keinen nachweis- 
baren Effekt gehabt. Bei den Mannchen wirkten die Ge- 
schlechtshormone hemmend auf die Metasta^erungstendenz, 
welche Wirkung durch die Bleitrypanblauhandlung so ver- 
starkt wurde, dass der Unterschied zwischen behandelten und 
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unbehandelten Tieren statistisch sichergestellt werden konnte. 
Dagegen besteht bei den Weibchen numerische Identitat. Ihre 
Geschlechtshormone haben nach Agduhr bei Weibchen, wel- 
clie getrennt von Mannchen leben, zur Folge, dass die Weib- 
chen grossere Widerstandskraft gegen verschiedene Gifte he- 
sitzen als die Mannchen unter entsprechenden Bedingungen. 
Es ware daher denkbar, dass die weiblichen Geschlechtshor- 
mone eine entgiftende Wirkung auf Bleitrypanhlau ausiiben, 
wodurch der hemmende Einfluss der Behandlung auf die Me- 
tastasierimgstendenz herahgesetzt werden wdirde. Es ware ja 
moglich, dass die Behandlung auch bei den Weibchen einen 
nachweisharen Erfolg erkennen lassen wiirde, wenn man mit 
einem wesentlich grosseren Material arbeiten wiirde. 


Zusammenfassung. 

Der Verfasser hat die Wirkung von Bleitrypanhlau auf 
den durch Teerpinselung bei -weissen Mausen hervorgerufenen 
Tumor untersucht. Das Praparat wurde den Tieren durch sub- 
kutane Injektionen zugefiihrt. Die Behandlung hemmte die 
Tendenz der Tumoren, Metastasen in den regionalen Lymph- 
driisen von Mausen zu setzen, die mindestens 100 Tage lang 
behandelt wurden, und der Unterschied zwischen den unbe- 
handelten und den behandelten Tieren war um mehr als das 
Dreifache seines mittleren Fehlers statistisch sichergestellt. 
Dieses Resultat beruht ausschliesslich auf den Mannchen, bei 
denen der Hemmungseffekt statistisch sichergestellt ist, da 
die Differenz in der Metastasierungsfrequenz zwischen behan- 
delten teergepinselten Mausenmannchen und teergepinselten, 
aher im iibrigen unbehandelten Mausemannchen ihren mittle- 
ren Fehler um mehr als das Vierfache iibersteigt. 


Aaa path. Vol. XVIII, I 
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STUDIES ON HEREDITARY DWARFISM 
IN MICE III *) 

DEVELOPMENT OF THE ADRENALS IN DWARF MICE.**) 

By Erik D. Rartels. 

(Received for publication March 1st, 1940). 

With the object of attempting to define the comparative 
conditions between the adrenals of hypophyseal dwarf mice 
and those of normal mice, a number of adrenals of dwarf 
and of normal mice of different ages varying from one week 
to eighteen months have been examined. The literature of this 
subject shows that the adrenals of mice undergo a peculiar 
development, different in the two sexes, that does not appear 
to occur in any other kind of animal. Mention will be made 
later of certain conditions in human beings that have been 
considered, though certainly erroneously, to be analogous. 

The development referred to take place at the border 
region between the medulla and the cortex where, on the site 


*) Previous publications in this series: 

I. Kemp, T. und Marx, L.; Beeinflussung von erblichem hypo- 
fysarem Zwergwuchs bei Mausern durch verschiedene Hypo- 
fysenausziige und durch Thyroxin. Acta path, et microbiol. 
scand. XIII, 1936, 512 und XIV, 1937, 197. 

II. Kemp, T.: Heredity and the endocrine function. An In- 
vestigation of Hereditary Pituitary Deficiency in the Mouse. 
Acta path, et microbiol. scand. Suppl. XXXVII, 1938, 290. 

**) Given as a lecture in slightly altered form to The Biol. Soc. 
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of the zona reticulata, a particular zone is first formed, called 
in the literature the X-zone, which subsequently disappears 
and is replaced by a thicker or thinner layer of connective 
tissue. On the cortex side of this a very narrow zona reti- 
culata is often formed. 

The development was first mentioned by Masui and Ta- 
mura, and was later described in detail by Howard-Miller, 
Deanesly, Cramer, Waring, and by Grollman, to whose work 
I have unfortunately not had access. Howard-Miller’s descrip- 
tion is the most extensive and is also that which agrees best 
wth my findings for which reason it will be referred to in the 
following. Deanesly is also in close accord wdth it, and 
Waring, (who gives the most detailed record of the cytological 
features), whilst Cramer is of a somewhat different opinion. 

Before these features are described more fully, a very^ 
short rewew of the structure of the adrenals of mice will be 
given. The organ has approximately the shape of an oblate 
spheroid, varying, however, from spherical to kidney shape. 
Its size in an adult mouse is about that of a large pin’s head. 
It has not been weighed because the difficulty of isolating 
it completely from the surrounding fat involves too great 
uncertainty. It is enclosed by a fairly strong capsule of con- 
nective tissue. The medulla is collected in the middle and is 
easily distinguished from the cortex in preparations stained 
with hematoxylin-oicroeosin, because it appears yellow in 
contrast with the cortex’s red. Apart from small irregulari- 
ties in the transitional region medullary tissue is never seen 
outside the central compact mass. 

The cortex consists external of a zona glomerulosa which, 
in animals one week old, comprises about half the cortex. 
After this period it gradually decreases so that from the third 
week it only consists of a single row of groups of cells, each 
comprising from four to eight cells. These are arranged in 
small rounded bodies and have oval nuclei fairly rich in 
chromatin and a cytoplasm that is rather sparse, though light, 
and often contains single enclaves, as do the cells in the zona 
fasciculata. There is no definite boundary between the latter 
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and the glomerulosa, and in most stages it comprises -h to 
of the cortex. It is not yet completely differentiated in the 
one-week-old mouse because the cells on its site are apparent- 
ly arranged quite unsystematically; but differentiation is 
evident even from the second week, after which no further 
change occurs. The cells are deposited in radial columns, 
sometimes appearing to consist of a single row of cells and 
sometimes of two or three rows. Lengthy capillaries are found 
between these rows. The cells have large, oval nuclei with 
rather less chromatin content than those in the glomerulosa. 
The cytoplasm is abundant and is blistered all over \wth small 
vacuoles, the enclaves containing lipoid. 

Central to this zone, in older animals, two or three rows 
of small cells are found, frequently with somewhat edged 
nuclei rich in chromatin and a little dark cytoplasm. The 
arrangement is irregular and numerous irregular capillaries 
are found. A more or less thick layer of connective tissue 
can he seen in the region bordering the medulla. In young 
animals, on the other hand, a transition layer is found which 
undergoes a characteristic development that will be more 
fully described later on. Presumably it would be reasonable 
to call the narrow layer in the old animals the zona re- 
ticulata, as is usual in the case of other kinds of animals. 
I shall, however, call the transition layer in young animals 
the X-zone, as previous authors have done. 

The medulla is composed of large polygonal cells wth 
large, bladder-shaped nuclei containing but little chromatin. 
The cytoplasm appears to be amorphous and yellow when 
stained with hematoxylin-picroesosin; but, especially in older 
animals, two types of cells are often seen, one with a more 
reddish colouring of the cytoplasm, the other udth a more 
yellow colouring. They lie apart in small groups. 

The arrangement of the cells in the young animals is 
trabecular wnth cell columns crossing each other and en- 
closing large cavities filled with blood. The cells in the old 
animals, however, are in spherical groups, each enclosed by 
a thin layer of connective tissue and wth, literally, no ca- 
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vities between them. The cells in each group appear to be 
arranged radially. 

This development of the medulla seems to occur whilst 
the boundary layer between the medulla and the cortex is 
being formed; hut its progress is not always quite parallel 
with this development, as I have noticed medulla of this 
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older type in a couple of animals even before the connective 
tissue was found between the medulla and the cortex. 

As has already been mentioned, the transitional region 
between the medulla and the cortex displays special features 
during the growth and maturing of the animal. What these 
peculiarities are will be best understood by follomng the 
development of the organ. 

Fig. I (hem.-picroeosin, approx. 50/1) shows the adrenal of a 
male aged 14 weeks, a period at which the development of the 
the male is complete. The cortex is seen to he clearly defined 
from the medulla hy a layer of connective tissue. The zona glo- 
merulosa is quite narrow, and the zona fasciculata forms the 
greater portion of the cortex. 'The last two or three rows of cells 
in towards the layer of connective tissue are somewhat irregular 
and form a narrow zona reticulata. 

Fig. II (hem.-picroeosin, approx. 250/1) shows the region of 
transition hetween the medulla and the cortex of a male aged 
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seven days. At this stage the development of the adrenals in males 
and females is identical. The innermost cells of the comparatively 
large zona glomerulosa are seen, the more loosely organized layers, 
and, within these, the transition from the cortex to the medulla. 
This transition is quite gradual without any boundarj' line what- 
ever. The medullary fibres extend towards the cortex and meet 
off-shoots from it, so that strings of cells are formed one end of 
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which consists of cortical cells whilst the other is of medullary 
cells. Where the one tissue begins and the other ends can only 
be demonstrated by their susceptibility to the stains. 

The manner in which the zona fasciculata is formed in both 
sexes then gradually becomes apparent; but a special layer is 
simultaneously formed in the transitional region between the 
medulla and the cortex, its cells being comparatively small, with 
sparse darkish cytoplasm, and its nuclei rich in chromatin. The 
transition to the medulla is still quite imperceptible. This devel- 
opment is especially rapid in the females, in which the layer 
mentioned may become half as thick as the cortex, whilst it never 
attains any great size in the males. The so-called X-zone can 
already be discerned in ten-day-old animals and is tbe same for 
both sexes until they are about 21 days of age, after which the 
development differs in accordance with sex. As an example of 
these stages, a section of the adrenal of a 21-day-old female is 
shown in lig. Ill (hem.-picroeosin, approx. 250/1). The layer in 
question is seen with its rather small dark cells and the almost 
imperceptible transition from the cortex to the medulla. I have 
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never seen the male X-zone thicker than in this specimen (i. e. 
five or six layers of cells). It now begins to disappear in this 
sex, a process which seems to take place quite imperceptibly. 
Possibly the nuclei become slightly darker and oblong connective 
tissue nuclei appear in different parts of the layer. These are 
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situated neither on the border between the medulla and the cortex 
nor on the border het-ween the X-zone and the rest of the cortex. 
They seem to he distributed in the X-zone. The connective tissue 
increases in volume and the true X-zone cells disappear, thus 
causing a definite boundary between the medulla and the cortex 
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marked by a thicker or thinner layer of connective tissue. Finally, 
the innermost cell layers are organized in the zona fasciculata 
as a narrow zona reticulata, the i-esultant picture being as that 
shown in fig. I. 

On the other hand, in the female the X-zone continues to grow. 



Fig. 5. 


A preparation fi'om a five-week-old female is seen in fig. IV (hem.- 
picroeosin, approx. 50/1). This shows that the X-zone forms be- 
tween Vs and of the whole cortex and that here, too, the 
transition from the cortex to the medulla is quite imperceptible. 

After a few weeks the X-zone begins to degenerate and in 
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the female this process is very violent. There is hyperaemia and 
the nuclei disappear. Vacuoles are formed in the cells and, spread- 
ing throughout the cell, subsequently merge with neighbouring 
cells so that this region is reminiscent of normal fatty tissue. At 
the same time, a thicker or thinner layer of connective tissue 
forms at the transition from the zona fasciculata to the X-zone. 
Fig. V (hem.-picroeosin, approx. 50/1) shows the culmination of 
the process in a 15-week-old female. The degenerated X-zone dimin- 
ishes gradually, a zona reticulata generally being formed in the 
same way as in the male, and at length it is impossible to dis- 
tinguish between male and female adrenals. The final stage in the 
female is seen in fig. VI (hem.-picroeosin, approx. 250/1). 

As has already been stated, this description agrees fairly 
well v\uth that given by Howard-Miller, although she examined 
a much greater number of animals and is, therefore, in a 
position to make more definite reports regarding time and 
variations. She states that the X-zone is first seen in both 
sexes at the age of ten days, culminates in the male at the 
age of three weeks, ususally begins to degenerate at the age 
of four weeks, and has disappeared, without exception, at the 
age of six weeks. If a young male be castrated, the process 
develops quite differently', actually as in the females. The 
administration of androgenes after castration causes the pro- 
cess to take a normal course. The X-zone continues to grow 
in the females until the age of four or five weeks is reached, 
when it may form as much as half the cortex. Sooner or later, 
it begins to degenerate. Degeneration set in at the age of 50 
days in half the number of mice examined, and in all of 
them by the 93rd day. The final stage is reached in from 
80 to 200 days. The degeneration takes place either as shown 
in the photographs or without formation of vacuoles; the 
latter is by far the more rare. Castration does not alter the 
process; pregnancy and partus accelerate it. 

Howard-Miller was unable to prove any definite connection 
with adolescence. The males may be fertile before degenera- 
tion of the X-zone commences, and the females are very fre- 
quently fertile long after it has been completed. To elucidate 
the question, the card-index for our mice has been checked 
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for two periods chosen at random. Breeding is carried out on 
the principle that out of each litter one male and all the 
females are retained and allowed to live together until all the 
females become pregnant. The first pregnancy may thus be 
considered to be an indication of the age of maturity both 
of males and females. Fig. VII shows a curve of the time of 
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Fig. 7. 

occurrence of the first birth for 31 female mice. It will be 
seen that the result is a fairly even curve of distribution cul- 
minating in about the twelfth or fourteenth week. If the 
period of pregnancy of the mouse, three weeks, be subtracted, 
it becomes evident that at least two males were fertile whilst 
the X-zone existed. Table I shows how old 48 females were 
at the last partus before they died or were killed. It will be 
seen that several are over the 6 — 8 months set as the ultimate 
limit for the total disappearance of the X-zone. 

Howard-Miller is of the opinion that the X-zone produces 
substances that are at any rate related to the male sex-hor- 
mone. In support of this she points out that the changes in 
the secondary sex characteristics of castrated male mice -with 
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Table I. 

4 — 6 Months: 7 animals. 

G — 8 » : 19 » 

8 — 12 » : 17 » 

12 — 18 » : 5 » 

Age of 48 female mice at the time of their last birth. 

the X-zone are much smaller than those of rats, which have 
no X-zone. Cramer considers that the X-zone is formed from 
the medulla. He bases this opinion partly on the formation 
of connective tissue between the X-zone and the rest of the 
cortex, and partly on the deposition of the cells close in to 
the medulla. Here he thinks he observ'ed medullary follicles 
consisting partly of cells containing adrenalin — chromaffine 
cells — and partly of transitional forms and X-zone cells. He 
furthermore holds that the X-zone does not produce andro- 
genous substances, but that it is displaced by androgenes. 
That it also disappears in female mice might be due to the 
fact that they form androgenous substances at a later age. 

Together wth How'ard-Miller and Deanesly I must, how- 
ever, insist that the X-zone clearly develops from the cortex. 
This is shown both by its very beginning and by its quite 
even development by stages as shown in the pictures. Further- 
more, Waring, in studying the embrjmlogical and early post- 
natal development of the adrenals, has clearly confirmed this. 

Deanesly, though, is also of the opinion that the X-zone 
does not form and is not particularly dependent on andro- 
genes. She supports her theory partly by her obsenmtions of 
hypophyseal dwarf mice obtained from the strain belonging 
to The University Institute for Human Genetics. My obser- 
vations agree entirely with hers, for which reason I am able 
to illustrate them by a couple of pictures. 

As has already been demonstrated by Kemp and Marx, 
the adrenal cortex in hypophyseal dwarf mice is very narrow, 
whereas the medulla does not seem to deviate from the 
normal, at any rate -when the weight of the animal is taken 
into consideration. The more detailed structure of the cortex 
is not dealt with in that study. 

In agreement \Nith Deanesly I now find from my examina- 
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tion of a series of the adrenals of dwarfs aged from fifteen 
days {the earliest age at which it has hitherto been possible 
to diagnose the abnormality by external examination) to 
about eight months, that the cortex, in spite of its slight 
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quantitative development in both sexes behaves exactly as 
the cortex of the normal male. 

The preparation made from a fifteen-day-old dwarf can hardly 
be distinguished from a normal one. Fig. VIII (hem.-picroeosin, 
approx. 250/1). 

Fig. IX (hem.-picroeosin, approx. 250/1) shows a four-week-old 






female. All the zones are seen to be well developed including the 
X-zone; but connective tissue nuclei ai'e seen in certain places in 
the X-zone already at this age. 

Fig. X (hem.-picroeosin, approx. 250/1) shows a female aged 
nine weeks. The process is complete. The cortex is separated from 



Fig. H. 
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Judging from these discoveries, the X-zone might pro- 
bably he expected to be dependent on the hypophysis, since 
it can hardly be supposed that female dwarfs would produce 
a particularly large quantity of male sex-hormone and thus 
cause the X-zone to disappear earlier than in normal females. 
On the other hand, Deanesly does not believe that it can be 
the gonadotrophic hormones that exert their influence, since 
Smith and McDowell have shown that at any rate they are 
produced in sufficient quantity to allow a certain develop- 
ment in the sexual glands. Against this argument the objec- 
tion can, of course, be raised that the gonadotrophic hor- 
mones are, however, undoubtedly greatly reduced in quantity, 
and that this reduction may possibly be sufficient to dis- 
turb the normal development of the X-zone in the dwarf 
females. 

Quite a different possibility is that the peculiar condi- 
tions of the X-zone obtaining in the case of the dwarfs may 
be connected with the unquestionable change in the hypo- 
physeal hormones that affect the metabolism and are found 
in these dwarfs. Dr. Mollenbach, however, will describe these 
hormones later on in this series. 

Attempts have been made to suggest that the X-zone i.s 
analogous with the portion of the zona reticulata that de- 
generates in human beings during the first year of life. This, 
however, does not seem to be very probable. Firstly, the pro- 
cess occurs much later in the life of the mouse, in the case 
of the males first about the age of puberty, in the females 
during the period of sexual maturity. Secondly, according 
to Kohno (quoted from v. Lucadou) a connective tissue sep- 
tum is found between the medulla and the cortex of human 
beings at birth. This disappears in the course of the first 
two years of life, just the reverse of what is observed in the 
case of the mouse. Finally, it must be noted that Howard- 
Miller was unable to find any analogy from her examination 
of monkeys. 

In conclusion, mention must be made of a new theory 
regarding the structure and function of the adrenal, which. 
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should it prove correct, will be interesting, particularly if it 
is regarded in relation to the processes in the mouse adrenal. 
In his attempt to elucidate the relation between the function 
of the medulla and that of the cortex v. Lucadou carried 
out some very careful studies of the structure of the human 
adrenal and of that of the adrenal of different kinds of 
animals. He prepared wax models showing the most minute 
details, by means of which he came to the conclusion that 
both the medulla and the cortex are constructed as glandular 
ducts that develop in a perfectly definite characteristic man- 
ner and are interconnected. According to his finding, the 
adrenal, like the kidney, should be constructed of units which 
he suggests calling epinephrones. Where the canal ends is 
not stated. In accordance wdth this theory the cortex should 
be a holocrine secreting gland of wdiich the secretion goes 
into the medulla where it becomes mixed with the med- 
ullary secretion, subsequently entering the blood. The co- 
operation between the cortex and the medulla thus becomes 
much more intimate than has been hitherto supposed. 

So far as I can see, it is difficult to decide at present 
whether the theory is correct or not, because the e^'idence 
in V. Lucadou’s article is not sufficiently convincing. The 
conditions in mice, referred to in the foregoing, rather tend 
to refute it as regards this kind of animal. There can be no 
doubt that the medulla and the cortex are dissociated w'hen 
the X-zone has disappeared and the layer of connective tissue 
has been formed. If the theory could be proved to be correct 
for other animals, the process in the mouse adrenal would 
become doubly interesting and might possibly make the mouse 
particularly useful as an object for study in investigations 
of the adrenals. 

Finally, mention much be made of a condition wdiich is 
of some importance in determining the question of the 
aethiology of the dwarf growth in this strains of mice. 

When rats are subjected to hypophyseal ectomy, there is 
disclosed, as first shown by Reiss, a sudanophobe cell-zone 
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at the border between the cortex and the medulla. In his 
experiments in cutting through the hypophyseal stalk, West- 
mann makes use of this condition as an indicator to elucidate 
the question whether the operation has caused complete de- 
generation of the hypophysis or has successfully achieved its 
desired result. 

In the mouse the condition is complicated by the X-zone 
being sudanophobe. The other cortex cells in the normal 
animal are very strongly susceptible to Sudan colouration. 

The condition in the dwarfs appears to be that occasion- 
ally, when the X-zone has disappeared, a narrow cortex zone 
can he seen, -which, although not completely sudanophobe, 
is less susceptible to Sudan colouration than the outer parts 
of the cortex. 

The phenomenon is, however, not seen in all animals, and 
the discovery must probably be explained by considering that 
the dwarf in this respect behaves as though subjected to 
partial hypophyseal ectomy. 


Summary. 

A review is given of the structure of the adrenals of 
normal and dwarf mice. The development and regression of 
the X-Zone is described. In both sexes it is first seen at the 
age of ten days. In the males it is only little developed and 
degenerates at the age of four to six weeks. In the females 
the X-Zone keeps on growing until the age of four to six 
weeks, when it may form as much as half the cortex. Later 
on a very -^dolent proces of degeneration is seen, and at the 
age of 93 to 200 days the X-Zone has totally disappeared. 
In the dwarf mice the X-Zone of both sexes behaves as the 
X-Zone of the normal male. Judging from this it might be 
expected, that the X-Zone is dependent of the hypofysis. 

In the dwarf mice a partially sudanophobe zone is oc- 
casionally seen in the inner part of the cortex. This phen- 
omenon must probably be explained by considering that the 
dwarf behaves as though subjected to partial hypophyseal 
ectomy. 
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I am deeply indebted to the late Professor VainO Lassila, former 
director of the Anatomical Institute, for the great interest he always 
showed in these investigations. To his successors. Dr. G6ran Hjelm- 
man, associate professor of anatomy, and Docent Niilo Pesonen 1 
beg to express my sincere thanks for the courtesy they have shown 
me. I should also like to acknowledge my gi’eat debt of gratitude 
to the late Professor Birger Runeberg, to Professor Axel Wallgren, 
Dr. Johannes Wahlherg and Dr. Marlli Mustakallio for their advice 
and ungrudging assistance which have been a great belp to me in 
my work. — Some of the expenditures entailed in this work were 
paid by a contribution from Kommerser&det Otto Malm’s donation- 
fund. 

As the experiments made in this investigation were per- 
formed exclusively on rabbits, it should be pointed out that 
the terminology adopted in this, as in the following, works on 
the prostate gland is based on Leydolph’s (1930) investiga- 
tions. I take the liberty to borrow from this author’s paper 
the adjoining illustration which is meant to explain the inter- 
relation of the accessory sexual glands in the rahbit. I also 
refer to a previous exposition of the origin and nomenclature 
of these organs (Gylling 1938). 
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The question as to the function of the prostate has come 
very much to the fore ever since it was observed that this 
organ was not exclusively made up of a cluster of muscle- 
fibres. It was noted that the muscular layers surrounded 
cavities which were lined with a typical glandular epithelium. 
Stilling (1884) was the first to ohserv^e that this epithelium 
underwent noticeable changes after copulation in rabbit. 
De Bonis (1907) made the same observation in dogs. How- 
ever, since Petersen (1909) made his tests -with copulation 
and pilocarpin injections in rabbits, no further histological 
experiments on this aspect to the function of the prostate 
gland have been published so far as I know. 

As the histophysiological technique has made consider- 
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make secretion-physiological observations with particular 
reference to the cytologic changes which ought to be present 
in such experiments. 

V. Are the above-mentioned simple measures sufficient to 
cause all these variations in the working intensity of the pro- 
static epithelium. 


MATERIAL AND METHODS. 

Material: Owing to experience previously gained it was obvious 
that great care must be bestowed upon the selection of the test ani- 
mals. In the present investigation only rabbits ■were used. These 
were all about 1 year old and weighed 2000 — 2250 g. The nutritive 
state of the rabbits was standardized as far as possible. As the 
animals were thus on the whole equally old and equally big, the 
opportunities of obtaining a similar production of the testicular 
hormone controlling the prostate seemed to be especially favourable. 
All the experiments were made early in the spring so that, in spite 
of all, the influence of different seasons would not be felt. In order 
to eliminate the possibly disturbing factors which different environ- 
ment and mode of living might be thought to constitute, the males 
were treated by a common scheme drawn up in accordance \vith 
directions given by Dubreuil and Regaud (1909) and Stieve (1928), 
and on the basis of experiences earlier gained by the present author 
(1938). The rabbits were first kept in isolation for two weeks in the 
same room, in similar cages and on similar diet. In order to pro- 
duce the greatest possible uniformity in the epithelial tissue of the 
prostate, the males were then placed in cages so constructed that 
they were separated from oestrual females, placed all around them, 
only by a widemeshy wire-netting. Here the males were kept for 
48 hours. During this time the prostatic glands previously filled 
with secretion, should be brought to the desired state of repletion. 
Then the animals were chloroformed and the prostate portions 
to be examined were rapidly cut out and immediately placed in the 
fixingsolutions in order as far as possible to avoid any defects 
arising under narcosis or after death. 

In this way 7 rabbits were treated. Synoptic preparations were 
made from 3 out of these, and 4 males were used for more detailed 
cytologic fixations. The whole of the urogenital system '\vas always 
cut out of the animals assigned for sjmoptic preparations, and was 
placed in toto in the fixing-solution. 

In the experiments based on copulation, 40 male rabbits in all 
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were used. They underwent the same preparatory treatment as that 
described above, and were then allowed to copulate under careful 
observation. In order to establish the effect a coitus interruptus 
without ejaculation had on the functional state of the prostate and 
on the intracellular structure of the epithelial cells, 4 animals were 
used. 

Examinations after ejaculation were further made; the time 
elapsing from the moment of ejaculation to the moment when the 
animals were removed from the cages and chloroformed, was care- 
fully determined. As described above, the glands were immediately 
extirpated and rapidly placed in the fixing-solution. 

In this manner preparations were taken 15 sec., 3 min., 6 min., 
9 min., 14 min., and 20 min. after ejaculation. For the first 4 of 
these 6 stages, 7 rabbits per stage were used, of which 4 were used 
for cytologic and 3 for sjoioptic preparations. For the two latter 
stages, only cytologic preparations of 4 rabbits per stage were 
made. 

In this investigation in all 47 male rabbits were used. 

Histological technique: For synoptic preparations, the glands 
were fixed in their entirety, partly in 10 per cent formol and partly 
in a mixture of 90 per cent alcohol and 10 per cent formol in the 
ratio of 9:1. 

For more subtle cytologic purposes small pieces of the glands 
were cut out and were rapidly placed in the fixing-solutions. In this 
way, a number of preparations were obtained from each gland, 
fixed according to the same method. The following fixations were 
used: Helly's Zenlcer-formol, Maximoiv's Zenker-iormol osmium. 
Susn-solution, Kopsch-Kolatschew's, Altmann's, Kolstcfs solutions 
and Champy's solution with after-chromatization according to 
Benda. Particularly in the three first-mentioned methods of fixation, 
preparations fixed for unequally long periods were made from each 
gland. The same fixing-times were then adopted throughout the 
whole investigation. The times adopted in the staining of the pre- 
parations according to the different methods were also carefully 
regulated. 

All the synoptic preparations were stained according to Weigert's 
iron hematoxylin method Avith subsequent eosin staining. For the 
study of the connective tissue immediately surrounding the epithe- 
lium and of the plasma, nuclei, secretion granules and iiKittleistenn 
of the epithelial cells, preparations were stained which had been 
fixed by Helhfs Zcn/.'C7-formol, Ilaximoiu's Zenkcr-tormol -1- osmium 
and Swsa-solution according to the following methods: 1) Bensley's 
staining with brasilin -1- phosphoric wolfram acid and water-blue- 
phosphoric molybden acid; 2) Pappenheim-Vnna's methylene-green 
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pyronin solution; 3) HeidenJiain’s azan method and 4) Hcidenhain's 
iron hematoxylin staining. 

The chondriome preparations were stained according to Alt- 
mann-Kull after fixation in AUmann's, Champy's and Kolsier's solu- 
tions. It is worthy of note that the most uniform and reliable re- 
sults were obtained after fixation by AUmann's and Kolster’s 
methods. v 

In order to distinguish the constituents of the mitochondria from 
secretion granules a careful comparison was necessary between all 
the preparations made in this investigation. 

For making visible of Golgi's »Apparato reticolare interno«, which 
for the sake of brevitj'' will be termed the Golgi apparatus below, 
the Kopsch-Kolatscliew method only was adopted. Earlier experi- 
ments have shown that if only Bowen's (1928 a/h) directions for this 
method are observed, the other methods for making visible of the 
Golgi apparatus are comparatively unreliable. In this investigation 
the Golgi apparatus was studied following an after-staining with 
osmium of 8—13 days. 1 per cent osmium tetroxid solution at a 
temperature of + 33“ C. was used. As pointed out by Hies (1935) 
and as I have myself been able to observe (1938), it is not sufficient 
only to make the Golgi apparatus visible. The investigator should 
also be in a position to compare the appearance of the Golgi ap- 
paratus during unequally prolonged periods of osmiurd-staining. 

The dimensions of the epithelial cells and their nuclei were 
measured in preparations which had been fixed in formol-alcohol 
and stained by Weigert's iron hematoxylin and eosin. In order better 
to compare the results, only such cells were measured as lined the 
sides of the long epithelial palisades. It was thought important 
that the cells should actually be measured in the places where they 
were longest, respectively broadest. 

For each stage, means were then valvulated for these dimen- 
sions. These do not claim to constitute an accurate measure of the 
dimensions of the cells and nuclei in the different functional states 
of the prostate gland. They are only an attempt to illustrate the 
variations in volume of the epithelial cells and their nuclei during 
the different functional stages of the gland. 


INVESTIGATIONS. 

In this chapter an account wall be given of the different 
preparations; each experimental stage constitutes a separate 
unit. 
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As shown in plate 1, the prostate gland lies in a caudal 
direction from the vesicular gland on the ventral side of the 
excretory ducts of the latter. With its most proximal portion, 
the prostate reaches a short distance below the caudal por- 
tions of the seminal gland. In a lateral direction, the prostate 
extends over the excretory ducts of botli the seminal and 
vesicular glands. As also observed by Leydolph (1930), the 
prostate gland, departing from the centre, together vith the 
vesicular gland, opens into the two distally directed urethra 
branches which extend towards the excretory ducts of the 
vesicular and prostate glands. »Die Miindung erfolgt durch 
4 — 6 feine Ausfiihrungsgange, die kurz hintereinander mit je 
drei Offnungen auf jeder Seite einmunden.« 

The gland is of tubulo-alveolar structure. A cavity common 
to all glandular ducts is lacking. The epithelium reaches wdth 
numerous, often ramified folds into the lumina of the glan- 
dular ducts. In some cases, the glandular duct is furnished 
with narrow walls of connective tissue which on both sides 
are lined with glandular epithelium. Thus the original duct 
is divided into smaller ducts. In the proximal, medial portions 
of the gland, the epithelial palisades are less numerous and 
lower. The high prostate epithelium is also here observed to 
be somewhat lower and narrower. The nuclei which are other- 
wise round and situated basally, here become oval and lie in 
the centre of the cell. Thus the prostate epithelium gradually 
changes into the epithelium of the excretory ducts. 

Tire prostate gland differs even macroscopically, by its 
opaque granular structure, from the vesicular gland vdth 
which it is intimately united. 

The uniformity which according to Schaap (1899) and 
Leydolph (1930) characterizes the prostate gland in rabbit, 
is in synoptic preparations revealed by the powerful septum 
of connective tissue, running in the mid-line of the vertical 
plane, which in slightly enlarged reproductions is visible in 
many animals. It should be pointed out, however, that, in 
some cases, it was rather difficult to observe this septum of 
connective tissue in the prostate of the rabbit. 
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As pointed out by previous researchers, the size of the 
prostate gland is not always proportionate to the size of the 
aninial. These experiments also showed that neither' the size 
of the animals nor their external conditions of life were 
necessarily in all cases a factor regulating the size of the pro- 
state. The prostatic epithelium, on the other hand, could be 
influenced by these factors. These changes were highly similar 
in the different animals after the same experiment. 


a) NORMAL CASES AND OBSERVATIONS BEFORE 
EJACULATION. 

(See plates 2 and 3). 

The intertitial connective tissue. The connective tissue which sup- 
ports the epithelium in the narrow rugae extending towards the 
lumina of the glandular ducts, is narrow and appears to be squeezed 
together. The capillaries are compressed and contain only a small 
number of erythrocytes. The tissue which surrounds the large ducts 
is also rather narrow and does not seem to contain a fair amount 
of liquid. 

The epithelium is single-lined, cylindric. A large number of pre- 
parations reveal structures which might constitute parts of a basal 
membrane (see e. g. plates 3, 7, 8 and 10). Towards the lumen the 
cells are demarcated by a sharp, often undulatory, contour-line. 
The cells are also distinctly delimited towards each other. 

The epithelial cells are lowest on the ridges of the epithelium 
palisades and highest on the sides of the palisades. On an average 
the cells are 25,6 fi high and 6,7 fi wide. 

In places typical basal cells are visible (plate 4). They are, how- 
ever, fairly rare. In cross section they much resemble equilatei'al 
triangles. As a rule they are fairly long. Their nuclei are large as 
compared to the cell. The shape of the nuclei is usually round or 
oval in the direction of the subjacent tissue. The basal cells are 
stained like the large epithelial cells by azan impregnation and 
stand out in marked contrast to the subjacent clear blue connective 
tissue. 

The i>Kittleisten« are visible in a large number of different pre- 
parations. They are particularly distinct after fixation in Susa 
solution or formol alcohol and staining with Heidenhain's iron 
hematoxylin or WeigerVs iron hematoxylin-eosin. In this stage the 
i>Kittleisten<t are thin and clear. In cross section the cells are penta- 
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gonal to septagonal polygons; the hexagonal type seems to be most 
common, however. 

The nucleus. The cells are uninucleated. In this stage the typical 
position of the nucleus is in the most basal part of the cell so that 
only a narrow plasma layer separates the nucleus from the basal 
wall of the cell. However, the nuclei in some cells may be observed 
closer to the centre of the cell. 

As a rule the nuclei are round or slightly flattened out towards 
the base of the cell. If the cells are closely packed together, this 
may also affect the shape of the nucleus so that the nucleus be- 
comes squeezed together from the sides. 

The nuclei are usually 5,5 ft high and 6,4 ft wide. In the different 
cells the nuclei seem to have about equally large volumes. 

The nuclei are in all cells well circumscribed. Not a single pre- 
paration made for the pi-esent investigation revealed mitoses or 
other signs of cell-division. 

In the nuclei 2 — 3, rarely 4, nucleoli are visible. The chromatin 
forms a finely meshed network which consists of thin distinctly 
contoured chromatin fragments and small, bright vacuoles in be- 
tween. The nuclei are successfully stained by the usual methods of 
nucleus-staining. 

The plasma. The structure of the cells is clearly bipolar. The 
plasma per se, however, shows no signs of different structure in the 
different parts of the cell. In this connection it ought to be pointed 
out that by plasma we here mean only the plasma proper, all dif- 
ferentiated structures like mitochondria, Golgi bodies and intra- 
cellular secretion granules being disregarded. 

The main part of the plasma is in this stage displaced to the 
small space below and lateral of the cell nucleus. In some cases, 
a narrow plasma margin may also be observed along the cell- 
walls higher up in the cell, but as a rule only an accumulation of 
intracellular secretion granules are here visible. The plasma in 
the basal parts of the cell seems to be fairly homogeneous. In pre- 
parations stained with azan or brasilin-water-blue, small drops or 
vacuoles are often visible at the base of the cell. The plasma is 
stained an even red with Weigcrt's iron hematoxylin-eosin. No pig- 
ment-resembling granules were observed in these preparations. 

The chondriome. In the most basal portion of the cell, a slight 
accumulation of chondriome constituents are often visible, which 
appear to have a net-resembling arrangement. From these forma- 
tions the long, upstretching mitochondria depart. Often this accu- 
mulation is so inconsiderable that it seems as if the mitochondria 
would depart directly from the immediate neighbourhood of the 
basal wall of the cell. In this stage tlic mitochondria are very long. 
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They extend upwards past the nucleus and into the Golgi zone. 
TsTical mitocliondria, however, may also be seen between the secre- 
tion drops in fairly, apical parts of the cell (plate 2). Shorter mito- 
chondria arranged in a row of ten turn • out to be connected when 
the micrometer screw is turned. 

The path of the mitochondria is fairly tortuous. Perhaps, in some 
cases, this is why the mitochondria seem to have swellings inter- 
changing with clear indentations. In many cases, however, it is 
obvious that the drop-like swellings are not a result of this. Some- 
times the mitochondria are seen to end in the Golgi zone just in 
such a small swelling. It seems as if the mitochondria might be 
ramified. At times', this impression ' is created only because two 
independent mitochondria are laid crosswise. 

In preparations fixed in Altmann's or Keister's solutions, the 
mitochondria strongly resemble' each other. Cliampy-preparations 
often reveal signs of shrinking of the cells, the mitochondria may 
be shorter and more bulky, sometimes ring-shaped. Owing to these 
facts," the mitochondria are here described chiefly on the basis of 
Altmann and Kolsler preparations. 

The Golgi apparatus lies immediately above the nucleus. In some 
cases, a thin plasma layer may be observed between the nucleus 
and the Golgi apparatus. The latter occupies about V4~Vs of the 
space in the longitudinal direction of the cell. From the lateral 
walls of the cell it is separated by a fairly wide plasma layer. 

In most cases the Golgi apparatus appears to be a fairly closed 
formation, as in plate 3. The Golgi apparatus is built up of slender 
rods blackened by osmium which together form a network- 
resembling formation. In the light meshes of this net, secretion 
drops of various sizes are visible. They have the same appearance 
as the secretion drops in the granule zone of the cell. In the black 
rods a small number of unequally large, faintly stained, • or non- 
stained, vesicles may also be observed. 

In this stage, when the cells are filled to the breaking-point with 
secretion granules, it may he observed that the Golgi apparatus is 
also so filled with drops of secretion that the rods have become 
more and more thinned off between the secretion granules. The 
osmium-stained rods then extend over a somewhat larger cell area. 
ISIoreover, they are much thinner: only slender black streaks are 
visible between the different drops of secretion. 

Both in transverse and longitudinal sections the Golgi apparatus 
is seen to be somewhat lighter in its most central portion. 

In chondriome preparations small lighter areas in the plasma 
are visible in the Golgi zone. These Golgi negatives, however, are 
vather indistinct in this stage. The mitochondria extend into this 
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region. Sometimes the mitochondria may be seen to end in a small 
drop-like formation. In chondriome preparations, secretion granules 
of all sizes are seen in this zone crowded together just in the Golgi 
negative. 

The intracellular secretion granules. Besides in the Golgi zone, 
secretion granules are present in almost the whole of the remaining 
part of the cell. Even intranuclear and lateral of the nucleus iso- 
lated granules may he seen. Particularly above the nucleus which 
as a rule is pressed against the base of the cell, secretion granules 
are almost exclusively present. No interspace between the granules 
in the Golgi apparatus and the granules found in the more apical 
parts of the cell can be observed. The cells are excessively filled 
with secretion granules so that "the apical wall of the cell mostly 
projects into the lumen like a cupola. 

The granules are stained red with eosin and yellow by Heiden- 
hain's azan staining method. The gi-anules lying closer to the centre 
of the cell consist of an intensely stained kernel surrounded by a 
light unstainable area. In the apical parts of the cell, however, the 
densely stained kernels are clustered together more closely and 
the lighter areas seem to have disappeared almost altogether. 

Close to the basal wall of the cell, small light vacuoles are visible 
in Kopsch-Kolatschew preparations; such vacuoles may also be seen 
in a large number of other preparations. It may be asked whether 
these are drops of secretion of a diffei-ent type from the ones describ- 
ed above. They might also be thought to be artefacts or structures 
in the plasma determined by other factors. It is possible that such 
vacuoles may be observed on the outer side of the basal wall of 
the cell. The question arises as to whether these vacuoles may be 
an indication of the much debated internal secretion of the prostate 
gland. 

The extrusion. In this stage the cell is demarcated towards the 
lumen by a distinct and sharp contour. An expulsion of secretion 
granules into the lumen cannot with certainty be observed. The ex- 
trusion therefore should be very slight. 

The contents of the lumen. The lumen is heavily filled. The con- 
tents consist, in a fresh condition, of a milky, fluid, finely granulated 
secretion. The secretion has a marked tendency to dissolve from 
the preparations. For the most part it consists of a faintly eosino- 
phile, shapeless substance. In the latter are found fairly large, per- 
haps somewhat more intensely eosinophile drops which in Altmann- 
Ktill preparations are stained a vivid red and finely granulated in 
distinction to the yellowish formless secretion. Further, a small 
number of pyknotic nuclei are visible. 

In some glands the typical prostatic calculi are observed. 
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The general im-pression of the investigations in this stage is that 
the epithelium is in a certain state of inactivity. This state might 
also he interpreted as a staple stage, since the epithelial cells are 
filled to the breaking-point with previously formed secretion gra- 
nules. As will appear from the following exposition, the term »secret- 
ion preparednesSK would perhaps he most adequate in describing 
the state of the prostate epithelium in this stage. 

The preparations made after a coitus interruptus without eja- 
culation on- the whole reveal the same state of the prostatic epi- 
thelium as in the stage described above. The most obvious difference 
no doubt is found in the connective tissue surrounding the glandular 
ducts which is now subject to a certain hyperemia. — That the 
epithelium in this stage should still he inactive is natural, since this 
condition was determined by the pressure exerted on the abundant 
contents by the walls of the gland. Prior to the ejaculation this 
pressure is still unaltered. 


b) PREPARATIONS TAKEN 15 SECONDS AFTER EJACULATION. 

(See plates 4 and 5). 

Shortly after the lumen has been emptied of its contents through 
ejaculation, the prostate gland reveals obvious changes. 

The interstitial connective tissue. The increased contents of blood 
in the small arteries of the surrounding connective tissue has spread 
as far as the smallest capillaries of the epithelial lobes. Numerous 
erythrocytes are visible in the somewhat wider and more porous 
connective tissue in the epithelial folds. It seems as if its content 
of liquid had also increased somewhat. 

The epithelium. The formerly distended glandular ducts have 
noticeably shrunk after the secretion has been emptied. The epi- 
thelial folds turned towards the lumen are perhaps somewhat 
longer, but they do not seem to have increased in number. The 
epithelium has not become higher. The cells are now on an average 
25 p high and 7 p wide. Towards the connective tissue the epithelium 
is still demarcated by the earlier described contour-line resembling 
a basal membrane. 

The nllittleistem are thin and distinct as befoi’e. 

The nucleus. The nuclei still lie very close to the basal wall of 
the cell. They are mostly of a round shape. Their diameter in the 
longitudinal direction of the cell is 7pand their transverse diameter 
is 8,8p. Towards the plasma the nuclei are well demarcated in the 
preparations by a clear and unbroken nuclear membrane. The 
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nucleoli have not changed. The chromatin still forms a fine-meshed 
net which much resembles the one found in the former stage. 

The plasma in this stage begins to assume a clear basophile 
character in the most basal portions of the cell. The plasma has 
perhaps assumed a somewhat more foamy appearance. 

The cliondriomc. Close to the basal wall of the cell, slight or no 
accumulations of chondriome material are seen. The number of the 
mitochondria does not seem to have been altered. As a rule they 
are situated in the longitudinal direction of the cell. The long mito- 
chondria which wei’e typicai of the previous stage are no longer 
so frequently observed. The mitochondida are now as a rule some- 
what shorter. Their contours are uneven on account of the small 
droplike swellings which frequently occur in this stage. No struc- 
tural differences were observable in the mitochondria. They extend 
towards the Golgi zone in which they are often observed to ter- 
minate in a small drop-like formation. It is difficult to find mito- 
chondria between the secretion drops in the most apical portions 
of the cell. 

The Golgi apparatus is situated just above the nucleus. In some 
cases, the most basal part of the Golgi apparatus is seen to sur- 
round the apical portion of the nucleus like a mantle. The volume 
of the Golgi apparatus has increased in the longitudinal direction 
of the cell. Transversally, it is separated from the wall of the cell 
only by a narrow plasma zone. In many cells, the osmium-stained 
net may reveal a very complicated form. As a rule the Golgi ap- 
paratus is open as it were towards the apical part of the cell and 
closed towards the base of the cell. In manj^ cases, however, the 
Golgi apparatus is also open towards the base of the cell. 

The osmium-stained net is of a very porous appearance. The 
intei’spaces between the osmium-stained I'ods consist of smaller and 
larger vacuoles. The vacuoles, in a somewhat irregular manner, 
seem to be lighter than the plasma on the external side of the Golgi 
apparatus. The osmium-stained rods are fairly wide. They are ir- 
regular and nodose. In addition to these small black nodules, small 
light vesicles of different size ai'e seen in the Golgi apparatus. The 
vesicles are surrounded by the substance blackened by osmium. In 
places, this black substance has sometimes thinned off or wholly 
disappeared so that the light drop freely communicates with its 
surroundings. In the light meshes of the Golgi net, drops are seen 
having the same appearance as the secretion drops in the apical 
part of the cell. 

In Altmann-Kull preparations, light areas are observable in the 
Golgi zone. This Golgi negative reveals secretion granules of varying 
size from exceedingly small drops to fully developed drops. In 
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synoptic preparations, the Golgi negatives appear very indistinct. 

The intracellular secretion granules. Isolated secretion granules 
are still visible basal of the Golgi apparatus. As a rule, the most 
basal granules are observed ■ just in the Golgi apparatus. Granules 
of different , sizes are present -in the latter, from . quite small up to 
equally large with those situated apically of the Golgi apparatus. 
Typical of the granules lying in the neighbourhood of the Golgi 
zone is the large light area surrounding the darker and easily stain- 
able, central, grain-resembling formation. The more apical the 
secretion granules are situated in the cell, the nari’ower and more 
indistinct is the light area. Close to the lumen it seems as if the 
drops of secretion consist solely of 'the central grains. They are 
also here more frequent and appear as it were packed together. 

From the Golgi zone to the most apical part of the cell, a con- 
tinuous mass of granules is visible. No confluence of the separate 
granules into uniform large lumps is noticed. The central grains 
in the secretion drops, however, are more sharply stained the closer 
they lie to the Golgi zone. Azan staining of Maximow-osmium pre- 
parations yields particularly fine and clear preparations from this 
point of view. 

The extrusion. Obvious signs of an increased extrusion are notice- 
able. In hematoxylin-eosin preparations it is still possible to observe 
a comparatively complete and distinct wall towards the lumen. 
To the side of the cell wall which is turned towards the lumen, 
however, are attached a large number of secretion drops which have 
evidently just been expelled or are in the process of being expelled 
from the cell. Particularly in the chondriome and Golgi prepara- 
tions, the apical cell wall, on the other hand, is in places observed 
to be considerably more indistinct. As shown in plates 4 and 5, only 
fragments of the cell ^vall are seen. Through the gaps which have 
been formed the secretion granules of the cell flow out into the 
lumen. The preparations do not distinctly show how secretion 
granules pass the wall of the cell. In Altmann-Kull preparations, 
for instance, it is sometimes possible to observe how the small red 
granules have been extruded a short distance into ’the lumen with- 
out losing their individuality. As a rule, however, it seems as if 
the extruded drops would flow together fairly rapidly, losing the 
stainability typical of the intracellular secretion granules. 

The contents of the lumen seem to be very scanty. Some faintly 
acidophile, or neutrophile, shapeless secretions, are observable, how- 
ever. A number of larger di’ops are also seen wliich have the same 
staining affinity, even if they appear to consist of a somewhat more 
compact substance. A small number of prostatic calculi are seen in 
some glands. 
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c) PREPARATIONS TAKEN 3 MINUTES AFTER EJACULATION. 

(See plates 6 and 7). 

The interstitial connective tissue contains a somewhat smaller 
number of erythrocytes than in the preceding stage. In the exterior 
parts of the epithelial folds, only isolated red blood corpuscles are 
observable. The connective tissue nearest the epithelium, on the 
other hand, contains a fairly large amount of liquid: the connective 
tissue is stained a lighter colour and has a more porous appearance 
than before. 

The epithelium. The glandular ducts have on the whole the same 
appearance as in the preceding stage. They do not seem to be 
distended by the contents of the lumen. Neither do the glandular 
lumina appear to he enlarged. The epithelium is demarcated to- 
wards the connective tissue by a thin basal membrane. The cells 
are now on an average 29,8 ft high and 7,7 ,« wide. 

The »Killlcistcn« are as before rather thin but distinct. 

The nucleus. The nuclei still lie in a markedly basal direction 
but the distance to the basal wall of the cell is perhaps just a trifle 
longer. The shape of the nuclei is unaltered. On an average, they 
are 7,3 fi in the longitudinal direction of the coll and 6,7 p in the 
transversal direction. They arc separated from the other contents of 
the cell by an unbroken and clear nuclear membrane. The nucleoli 
have not undergone noticeable changes. The border-line between the 
chromatin rods and the light vacuoles seems to be somewhat diffuse. 
These vacuoles appear to have become lighter than in the preceding 
stage. 

The basophiles of the plasma have in this sta.ge spread over 
the largest portion of the intranuclear cell region and also extend 
some distance in an upward direction between the nucleus and the 
lateral walls of the cell. The plasma is fairly foamy. 

The chondriomc. In this stage, also, it is possible to observe small 
conglomerations of chondrionie substance in many cells nearest 
to the basal cell-wall. The mitochondria are more numerous than 
before. As a rule they are comparatively short and thick. The nodose 
structure from the preceding stage is no longer as clearly visible. 
The mitochondria extend in the longitudinal direction of the cell and 
their path is remarkably straight. One gets the impression that a 
distinct adjustment on the part of the chondriome has taken place 
from the base of the cell in tlie dii'ection of the Golgi zone. Here 
also, the mitochondria are frequently seen to tei'minate in a small 
drop in the Golgi zone. Above the Golgi zone no mitochondria are 
as a rule observed. 

The Golgi apparahis has no longer the same volume as before. 

4 * 
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It has become smaller both in the longitudinal and transversal 
directions. The osmium-blackened net no longer encloses part of 
the nucleus. In most cases a free zone may be clearly observed be- 
tween the Golgi apparatus, which now. has a more apical position, 
and the nucleus. But the Golgi apparatus rarely has a more apical' 
position than in the central portions of the cell. 

In particular it is the internal structure of the Golgi apparatus 
that reveals changes in this stage. We may observe that the osmium- 
stained rods have become somewhat reduced in number and in 
part somewhat thinner. Belatively speaking, the light contents of 
the apparatus are now predominant. Numerous secretion granules 
are found in the meshes of the osmium-stained net. These granules 
have a typically darker centre surrounded by a light area. These 
drops seem to lie in a somewhat darker, surrounding medium which 
occupies the remaining large meshes of the net. In the osmium- 
stained rods themselves, a large number of light vesicles of vary- 
ing size are visible in this stage, too. The osmium-blackened walls 
which surround these light drops, may also be seen to thin off and 
are in some places wholly lacking so that the drop is free to emerge 
into the surrounding cellular space. 

In Altmann-Kull preparations, the Golgi negatives are fairly 
distinct in this stage. In synoptic preparations stained e. g. with 
hematoxylin-eosin, the Golgi negatives, on the other hand, appear 
very indistinctly. 

The intracellular secretion granules. Such typical secretion 
granules as are seen in the apical parts of the cell are now rarely 
observed in cell portions lying basally of the Golgi apparatus. In 
the latter the secretion granules have the same appearance as in 
the preceding stage. Secretion granules are continuously present 
from the Golgi zone as far as the most apical portions of the cell. 
One gets the impression that the granules are no longer packed 
as closely together as formerly. The light area which is so typical 
of the basal secretion granules is now also better retained by such 
granules as have a more apical position in the cell. 

The extrusion. In this stage the apical cell-wall is most indistinct. 
Often it is difficult to observe at all any clear cell-wall. The ex- 
trusion seems to be very active to judge from the amounts of 
secretion emerging from the cells. No observations were made indi- 
cating that large portions of the cells are detached in one operation. 
It is only the secretion granules found in the cells that are extruded. 
In proportion as these granules are excreted into the lumen they 
gradually lose their individuality, flowing together into larger drops 
which form the contents typical of the lumen. 

The contents of the lumen. The lumen has become somewhat 
more filled. The composition of the contents is as before. 
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d) PREPARATIONS TAKEN 6 MINUTES AFTER EJACULATION. 

(See plates 8 and 9). 

The interstitial connective tissue contains a fairly small number 
of erythrocytes, but the content of liquid seems to about the same 
as in the preceding stage. The small blood vessels which are found 
somewhat more exteriorly in the surrounding tissue, are still heavily 
filled with red blood cells. 

The epithelium. The glandular lumina seem to be more filled 
with secretion than before. So far, however, it cannot be observed 
that the contents of the lumen distend the glandular ducts to any 
marked extent. In this stage, too, a basal membrane, not very pro- 
nounced in places, was observed. On an average, the epithelial cells 
are 28,5 high and 7,3 wide. 

The »Kittleisten« are distinct and seem to be slightly wider. 

The nucleus. In this stage the nuclei are in their most apical 
position. This, however, does not even result in their lying as high 
as the middle of the cell. But a fairly broad plasma zone is seen 
between the hasal cell-wall and the nucleus. The shape of the nuclei 
still approaches the spherical form. Their average dimensions are 
7,2 p in the longitudinal direction of the cell and 6,2 in the trans- 
verse direction. They are surrounded hy a clear and unbroken 
nuclear membrane. The number of the nucleoli are as before. Their 
stainability in azan preparations may have increased somewhat. 
The meshes in the chromatin net now appear to be fairly large 
and light. The borderline between these meshes and the chromatin 
fragments is not as sharp as earlier. 

The basophiles of the plasma in this stage attain their largest 
extension. It reaches from the base of the cell past the nucleus a 
fair distance towards the more apical parts of the cell. The plasma 
is now clearly foamy. 

The chondriome. In this stage the accumulations of chondriome 
material have disappeared at the basal walls of the cells. The mito- 
chondria are also fairly few in number. Their path is straight, not 
tortuous, in the longitudinal direction of the cell. They are very 
thin and have an even outline. The small drop-like swellings are 
seen only rarely except in the Golgi zone. The mitochondria are 
stained comparatively faintly in this stage. The mitochondria often 
reveal a tedency to break up into bead-like formations arranged in 
a row. We get the general impression that a certain shortage of 
material manifests itself in the chondriome. 

The Golgi apparatus. The osmium-stained net is still situated ap- 
proximately in the middle of the cell or in some cases in a more 
apical direction. The osmium-blackened rods have become increas- 
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e) PREPARATIONS TAKEN 9 MINUTES AFTER EJACULATION. 

(See plates 10 and 11). 

The interstitial connective tissue contains a very small number 
of erythrocytes. The abundance of liquid previously observed has 
decreased considerahlj'. The connective tissue markedly resembles 
the stage before copulation. 

The epithelium. The glandular ducts now seem to be fairly well 
filled and one gets the impression that the walls already begin to 
distend, although to a rather small degree, by the secretion pro- 
duced. In this stage, too, a thin basal membrane may be observed. 
The cells are now on an average 28,6 ft high and 7,3 ft \A'ide. 

The »Kittleisten« are clear. In some places a splitting may 
be observed to the effect that each cell gets a darker lamella 
and between the latter a lighter fissure is visible. Intercellular 
bridges extending across the light interspace could not be observed 
in these preparations. In transverse sections, the »Iiittleisten« form 
a net which is thickest in the coimer-points. 

The nucleus. The nuclei are again pressed lower down towards 
the base of the cell. Their shape is not altered. They are on an 
average 7,4 jH in the longitudinal direction and 6,u in the transverse 
direction of the cell. They are surrounded by a clear nuclear mem- 
brane. The nucleoli are unaltered. Their stainability seems to have 
decreased somewhat. The chromatin net has assumed somewhat 
more distinct contours. The meshes in the chromatin net have also 
become a little smaller and possiblj- somewhat darker. 

The plasma. The basophile character of the plasma has now been 
considerably reduced. Mainly in the internuclear cell regions it is 
still possible to observe a basophilic staining of the plasma. Neither 
does the foamy appearance show as clearly as in the preceding 
stage. 

The chondriome. Accumulations of chondriome material at the 
basal cell-walls are present in many cells. As a rule, however, they 
are fairly inconsiderable. The mitochondria are comparatively few 
in number. They seem to constitute a direct continuation of the 
basal chondriome formations. The path of the mitochondria is some- 
what more tortuous than before. Their contour is even as a rule, 
but a small number of drop-like swellings may be observed. The 
mitochondria stain well with oxygen-fuchsin. They still extend to- 
wards the Golgi zone where they are often seen to end in small 
droplike formations. In this stage mitochondria are again easily 
observable above the Golgi zone in the most apical parts of the cell. 

The Golgi apparatus lies immediately above the nucleus. From 
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the latter it extends in some cases even fairly high up in the cell. 
Its volume, however, has decreased in some measure. 

The rods blackened by osmium have become somewhat thicker. 
They are no longer seen to contain the abundance of small light 
vesicles that were visible before. The light meshes in the Golgi net 
have become smaller but possibly somewhat more numerous. In 
the meshes distinet secretion granules are seen. Golgi bodies are 
present which are highly reminiscent of the stage before copulation. 
As a rule it may be said that the Golgi apparatus in this stage has 
become more closed in character. 

In Altmann-Kull preparations distinct Golgi negatives are ob- 
served but they are no longer as clearly outlined as in the pre- 
ceding stage. In synoptic preparations, also, indistinct lighter areas 
are still observable in the Golgi zone. 

The intracellular secretion granules. In this stage, too, extremely 
few secretion granules are visible basally of the Golgi zone. Other- 
wise, the apical portion of the cell is filled with secretion granules 
which appear in unbroken succession from the apical end of the 
cell to the most apical limit of the Golgi zone. Thus, secretion 
granules again occupy the larger portion of the cellular space. They 
seem, howe^'er, not to be so packed together as before copulation, 
neither do they as yet occupy an equally large portion of the cell. 

Seci’etion granules lying closer to the apical end of the cell mostly 
become darker in osmium than the granules which lie in or nearer 
the Golgi zone. On the other hand, the secretion granules lying 
more basally in the cell are seen to be more densely stained than 
those which lie in a more apical direction. Granules lying nearer 
the Golgi apparatus are frequently stained a more distinct red with 
azan than the bright yellow secretion granules lying in a more 
apical direction. Possibly, this may serve as an indicator of the 
further development of the secretion granules within the cell. 

The extrusion appears to have decreased still further in intensity. 
A rather sharp and unifonn cellular wall towards the lumen may 
be observed in most cases. Judging from the unequally large 
secretion granules adherent to the side turned towards the lumen, 
a fairly active extrusion seems to be going on. 

The contents of the lumen. The lumen contains an abundance of 
secretion of the same composition as before. In some glands prostatic 
calculi are observed. 



Plate 12. Cainparisoii belwceii a Golgi apparatus 
on a Cliampy, .Wf/iiann-KiiHprcparation (to left) 
and on a A'op.sc/i-/volnlsc/icii>preparation (to right). 
Notice the small secretion grannies 
in Golgi apparatus. 
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f) PREPARATIONS TAKEN 14 AND 20 MINUTES AFTER 
EJACULATION. 

(See plate 12). 

As the preparations referring to these two experimental stages 
do not markedly deviate from one another, they are here described 
together. 

The return to the stage before copulation seems to have con- 
tinued to a fairly marked degree. In the interstices of the connective 
tissue, only a slight blood-supply is seen. The epithclmm and the 
»Kittleisten« seem to have the same appearance as before copulation. 
The same applies to the nuclei and plasma of the epithelial cells. 
The clwndriome also presents marked resemblances. Nearest the 
basal wall of the cell, fairly slight accumulations of chondriome 
material are frequently seen. The mitochondria have gradually be- 
come somewhat more numerous. From one stage to another they 
also become somewhat longer. They have a slightly sinuous course 
and reach from the base of the cell to the Golgi apparatus. The 
contour of the mitochondria is fairly even. The position and ap- 
pearance of the Golgi apparatus are highly reminiscent of conditions 
before copulation. The fragments I'esemble those to be seen before 
copulation, even if the meshes in the osmium-stained net are smaller. 
In the latter, secretion granules of varying size are still observable. 
The intracellular secretion granules are numerous. They occupy the 
cellular space from the most basal part of the Golgi zone to the 
apical wall of the cell. As yet, however, they have not become so 
crowded that some secretion granules are pressed down below the 
cell-nucleus. The extrusion still seems to be comparatively active in 
the former stage. 20 minutes after copulation, however, it looks as 
if the secretion had diminished still further. The extrusion is now 
very slight. The contents of the lumen have increased. Its compo- 
sition is the same as formerly. 

It consequently seems as if the production of secretion in the 
prostate gland would gi-adually decrease. Eventually the exclusion 
becomes quite inconsiderable and probably remains like that until 
the lumen of the gland is again emptied of its secretion. 


DISCUSSION. 


1. The interstitial connective tissue. In the prostate gland, 
heavily filled wth secretion in normal unmated rabbits, the 
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connective tissue which immediately surrounds the different 
glandular ducts appears to be fairly compressed and compara- 
tively poor in liquid. The same impression is created by the 
connective tissue supporting the narrow epithelial lists which 
project into the lumina of the glandular ducts. The largest 
portion of the capillaries of the prostate are, according to 
Stieve (1930), found in the connective tissue nearest the 
glandular ducts. The capillaries reach out into the epithelial 
lists -where they form fine loops. As a rule, only a few number 
of erythrocytes are seen in the latter. Evidently, the inter- 
stitial connective tissue is the site of a secondary anemia. On 
sexual stimulation, signs of a certain hyperemia may be seen 
in the small hlood vessels wdiich are found somew^hat farther 
aw'ay from the glandular ducts. 

Soon after the prostate gland has been emptied of its con- 
tents through ejaculation and the pressure of the secretion 
on the distended walls of the gland has become eliminated, 
the connective tissue everywhere becomes broader and as- 
sumes a more porous appearance. The hyperemia in the some- 
what larger blood vessels which was present even prior to 
ejaculation after strong sexual stimulation, now spreads as 
far as the thinnest capillaries in the connective tissue of the 
epithelial lists. A general increase in the content of liquid is 
also noticeable. 

As soon as 3 minutes after ejaculation this hyperemia is 
seen to begin to decrease. The content of liquid, on the other 
hand, is very high in the connective tissue -n^hich owing to 
this becomes more mellow’ and porous. The content of liquid 
is then kept constant for a while hut gradually it begins to 
decrease. The number of erythrocytes in the connective tissue 
and its content of liquid then decrease along parallel lines 
so that the connective tissue as soon as 9 minutes after eja- 
culation is fairly suggestive of the connective tissue before 
copulation. This resemblance becomes clearer still the longer 
is the interval that is allowed to pass after ejaculation. The 
more the lumina of the glandular ducts are again filled wth 
secretion, the more do the walls of the glandular ducts distend 
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and the connective tissue assumes an appearance which is 
more compact and poorer in liquid. 

2. The epithelium is high-cylindric. In the heavily filled 
glands before ejaculation, the epithelium, however, is some- 
what lower than in the stage where the lumina of the glan- 
dular ducts have been emptied of their contents. When the 
secretorj' activity is most pronounced, the epithelium is at 
its highest, then it gradually again becomes somewhat lower. 

Towards the connective tissue the epithelium is de- 
marcated hy a very thin hasal membrane which in some cases 
may be rather difficult to ohsen^e. Regarding the occurrence 
of this basal membrane different opinions have been ex- 
pressed. In the rabbit it was observed by Stilling (1884), in 
the dog by Walker (1899), in man by Eberth (1904), and 
finally, in the rat hy Moore, Price and Gallagher (1930) . Oppel 
(1904) and Leijdolph (1930) refuse to admit the presence of 
a basal membrane in the prostatic epithelium of the rabbit. 
According to Langerhans (1874), Weski (1903) and Schaffer 
(1922), the prostatic epithelium in man also lacks a basal 
membrane. 

In the prostatic epithelium of the rabbit, basal cells are 
fairly scarce. They are small and inconsiderable. Only a narr 
row plasma zone surrounds the nucleus which is comparative- 
ly large for the dimensions of the cell. Stilling (1884), Schaap 
(1899) and Petersen (1909) also described these basal cells, 
but Legdolph (1930) was unable to observe them. 

As it is sometimes possible to observe in the epithelium 
cells which, judging by appearances, are dead, and as a num- 
ber of pyknotic nuclei may also be found in the lumina of 
the glandular ducts, we have to conceive of the possibility 
that new cells may also be formed in the prostatic epithelium. 
As, however, in the preparations made in the present in- 
vestigation, mitoses were in no case observed, it seems reason- 
able to assume that the small basal cells themselves in some 
way give rise to the new epithelial cells. 

According to Rauther (1904), the free epithelial margin 
towards the lumen was in most cases indistinct in the pro- 
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static epithelium of the rabbit. Stieve (1930) also found in 
man that the thin membrane towards the lumen could some- 
times be broken through. It was shown in the present in- 
vestigation that the clear undulatory line of demarcation to- 
wards the lumen, described by Leydolph (1930), was parti- 
cularly distinct in the secretorily inactive experimental stages. 
In a state of intense secretion this line could be almost wholly 
obliterated. 

3. The :»Kittleisten«. In the prostate gland in rabbit the 
»KiftIeisten« form a clear net. In the prostatic epithelium in 
man a similar net was described by Stieve (1930). The pre- 
parations show that this net is thickest in the corner-points. 
During, or perhaps particularly soon after secretory activity, 
the y>Kittleisten« are seen to become somewhat thicker. Ac- 
cording to Wahlberg (1933), the thickness of the ^Kittleistem 
in the thyroid epithelium is directly proportional to the cel- 
lular actmty. In active stages, the »Kittleisten« easily split 
so that each cell gets its portion. Tliis might possibly be inter- 
preted so that each cell contributes to the construction of 
the ^Kittleisten« with one half. Between these split walls a 
lighter fissure is usually observable. It was not possible, by 
the methods here employed, to observe in these fissures such 
thin bridges as, according to Chlopakow (1928), unite the 
contents of adjacent cells. 

If the section was cut obliquely to the longitudinal direc- 
tion of the epithelial cells, the »Kittleisten<i in the prostatic 
epithelium are seen to resemble such strokes and points as 
were described in other glandular epithelia by Schaffer (1927) 
and Wahlberg (1933). 

4. The nucleus. The cells are uninucleated. The nucleus 
is as a rule found in the most basal part of the cell. In a 
stage of intense secretory activity, the nucleus is observed to 
have a more apical position. It may be found in the middle- 
most portions of the cell, but rarely in a still more apical 
position. That the nucleus in this way becomes displaced 
during secretion was also observed by Stilling (1884), de Bonis 
(1907) and Petersen (1909). It seems as if the displacement 
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of the nucleus occurs in a completely passive manner and is 
due partly to the fact that the numerous grains of secretion 
which earlier filled the cell and pressed the nucleus towards 
the hase of the cell, have now largely been excreted from the 
cell, and partly to the fact that the nucleus is caught in the 
general flow of cellular contents or secretory material from 
the base of the cell towards the lumen. When the extrusion 
is no longer equally intense, and -when the largest portion 
of the cell again begins to be occupied by secretion granules, 
the nucleus is again pressed down towards the base of 
the cell. 

The shape of the nuclei is not subjected to great modi- 
fications. In cells where the extrusion is one of minimum 
intensity and the largest portion of the contents of the cell 
is made up of secretion granules closely packed together, the 
nucleus is seen to be somewhat flattened out towards the base 
of the cell. In a state of intense secretion, a slight increase 
in the volume of the nucleus may he observed. 

In the preparations, the cells were always distinctly de- 
marcated by a clear nuclear membrane. The latter was also 
described by Walker (1899), Stieve (1930) and Macklin and 
Macklin (1932). In none of the experimental stages in the 
present investigation did the nuclear membrane seem to be 
broken or otherwise changed, so that it would have rendered 
possible the emergence of visible nuclear constituents into 
the plasma. 

The number of the nucleoli was not modified in the dif- 
ferent experiments. However, their stainability appeared to 
be somewhat increased, e. g. by Heidenhain’s iron hematoxylin 
and azan method, when the cell was in a state of intense 
secretion. Stilling (1884) also pointed out the distinct nucleoli 
after copulation. 

The chromatin is usually made up of thin, distinctly out- 
lined fragments which together form a thin, fine-meshed net- 
work with numerous small vacuoles of a lighter colour. Ac- 
cording to Walker (1899) the chromatin is clearly outlined 
at the beginning of secretion. In the present investigation it 
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was shown that the borderline between the chromatin rods 
and the meshes in the chromatin net had become somewhat 
diffuse as soon as 3 minutes after ejaculation. Somewhat 
later, the border-line behveen the now' fairly porous chromatin 
fragments and the comparatively large light vacuoles is still 
seen to be rather indistinct. When the secretory intensity of 
the cell begins to decrease, the chromatin fragments again 
become more distinctly marked and the vacuoles become 
smaller. It seems as if these changes in the nucleus were at 
least in part determined by an increased content of liquid in 
states of increased secretory activity in the cell. Possibly, the 
slight increase in the volume of the cell during stages of ac- 
tivity is also explained by the increased content of liquid. 

According to Weski (1903), the nucleus is particularly 
rich in chromatin and is stained a darker shade when the 
cell has just produced its secretion. 

The part played by the nucleus in the secretion has been 
much discussed. According to Hertwig (1929), it might be 
imagined that the nucleus either resorbs substances from the 
plasma in order to synthetize ferment out of these which 
W'ould later on again be extruded in the plasma. Or else the 
raw materials would be transformed into paraplasmatic sub- 
stances w'hich would be given off to the plasma. That the 
nucleus w'ould actually display an intense activity during 
the process of secretion was a currently adopted theory 
especially in earlier periods. According to de Bonis (1907), 
who examined the prostatic epithelium in dogs, the secretion 
emanates from the nucleus in which granules and plasmo- 
somes are produced. Later investigators, however, have more 
and more begun to deny that the nucleus contributes to the 
formation of secretion granules (Nassonov 1923, 1924, Hirsch 
1932, Jarvi 1935, 1938 and Ries 1935). According to Okkels 
(1932), the nucleus is certainly involved in the process of 
secretion in spite of the fact that a direct substantial parti- 
cipation frequently does not occur. 

As described above, the present investigation has shown 
that the nucleus is subjected to certain modifications during 
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secretion -which ob^iously are closely related to the cellular 
secretory activity. These changes, ho-vvever, are hardly of a 
nature to warrant us in ascribing to the nucleus a more active 
participation in the formation of secretion granules. On the 
contrary, a direct participation of the nucleus in the process 
of secretion was not demonstrable in these experiments. 

5. The plasma. By plasma we here mean the ground plasma 
which remains if we disregard chondriome, Golgi apparatus 
and secretion granules. No pigment-resembling' granules were 
observed in these prostatic epithelia. 

In the cells of the prostatic epithelium in the unmated 
rabbit, the plasma is the least conspicuous cellular consti- 
tuent. Cell-plasma is mainly seen in the most basal portions 
of the cell below and lateral of the nucleus. In some cases, 
a narrow plasma border is also observable, extending in an 
apical direction along the lateral walls of the cell and also 
a fine plasma net between secretion granules. After intense 
extrusion, the plasma is more distinctly observable in order 
to be displaced again when the cell begins to store new 
secretion granules. 

In cells which do not produce an 5 ' noticeable secretion, the 
plasma is fairly homogeneous and evenly eosinophile. Shortly 
after ejaculation when the extrusion already is considerable, 
the plasma may be seen to have assumed a more foamy ap- 
pearance. At the same time a certain basophilic state mani- 
fests itself in the most basal parts of the cell. With increasing 
secretorj' activity, the foamy appearance of the plasma in- 
creases and the basophilia spreads over the infra- and inter- 
nuclear plasma regions. 6 minutes after ejaculation the plasma 
is clearly foamy. The basophilia of the plasma now reaches 
fairly high in a supranuclear direction. With decreasing sec- 
retory' intensity the plasma again assumes a more even and 
homogeneous structure. The basophilia also diminishes rapidly 
so that as soon as 9 minutes after ejaculation it is only seen 
as a small internuclear zone. In the follovdng experimental 
stages, no basophilia was observed in the plasma. 

Petersen (1909) obsei'ved that the plasma after copulation 
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presented a characteristic striation in the most basal portions 
of the cell. The foamy appearance described above revealed no 
signs, however, of a typically regular structure. As, moreover, 
it did not appear in all stages, we do not seem justified in 
speaking here of »ErgastopIasma« in the sense that this con- 
cept was defined by Jacobs (1928), that is as a purely plas- 
mogen cellular structure composed of lamella and fibril 
systems, with basophile characteristics. It may be said of the 
plasma in the epithelial cells of the prostatic gland, as of the 
plasma in the epithelial cells of the seminal vesicle (Gylling 
1938), that the basophile portions are only parts of the plasma 
that have changed their stainability under the influence of 
the increased cellular working intensity. Macklin and Macklin 
(1932) also thought that it depended on the functional stage 
of the cell whether the ground plasma was stained a lighter 
or darker shade. Both StiUinff (1884) and Walker (1899) 
observed that such cells as had expelled its secretion had a 
smaller and lighter protoplasma. Weski (1903) described the 
large, apparently intensely secretory cylinder cell in man as 
having a roughly foamy protoplasma. 

6. The chondriome. When the prostate gland has been 
heavily filled with secretion for a prolonged time, an op- 
portunity arises of studying the chondriome during a stage 
of relative inactivity of the epithelial cells. In many cells, a 
small accumulation of chondriome material is then visible 
close to the basal wall of the cell. This conglomeration fre- 
quently reveals signs of a net-resembling structure. In some 
cases, however, it is not possible to observe such a basal con- 
glomeration. The mitochondria, which depart from these con- 
glomerations and constitute their direct continuation, in the 
cases where the basal conglomerations are lacking, originate 
directly from the immediate neighbourhood of the basal cell- 
wall. When the cell does not display any noticeable secretory 
activity, the mitochondria are as a rule very long and have a 
slightly sinuous course. It seems as if the mitochondria might 
be ramified. They develop in the longitudinal direction of the 
cell from the base towards the Golgi zone. Long filamentous 
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mitochondria, however, may also be seen in the most apical 
portions of the cell where they wind between the secretion 
granules. 

In spite of the fact that no dissimilarities may be observed 
in the composition of the mitochondria, small drop-like swel- 
lings are visible in places. If the section has been made in a 
suitable place, the mitochondria may be seen to extend into 
the Golgi zone where they terminate in a small drop-resemb- 
ling formation. 

Already at the beginning of a period of intense secretory 
acthity, the mitochondria present obvious changes. They 
become somewhat shorter and have numerous small drop-like 
swellings. The mitochondria now extend in a fairly straight 
line from the base of the cell towards the Golgi zone. With 
increasing secretory activity the mitochondria increase in 
number. They become still shorter and somewhat thicker at 
the same time as they gradually lose their uneven contour. 
They have a remarkably straight extension in the longitudinal 
direction of the cell. The chondriome now gives the impression 
that a strong flowing occurs from the base of the cell to the 
Golgi zone. 6 minutes after ejaculation the mitochondria begin 
again to decrease in number. They also begin to become 
fairly thin. Drop-like swellings are very rare except when 
these occur at the end parts of the mitochondria in the Golgi 
zone. It may be observed that the mitochondria reveal a ten- 
dency to disintegrate into short fragments arranged in a row. 
The basal accumulations of chondriome material are now very 
rare. In the most apical portions of the cell mitochondria are 
no longer observable. On the whole it seems as if a certain 
shortage of material manifests itself in the chondriome. It 
is now stained comparatively faintly. It seems as if the mito- 
chondria would give off substance in the Golgi zone in the 
form of the small drop-like formations. In a stage of intense 
cellular activity this appears to occur in such quantities that 
the resorption of new substances in the base of the cell can- 
not keep pace with it. 

When the secretory activity is lessened, the streaming 
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within the chondriome also seems to lose its earlier intensity. 
In the bases of the cells small accumulations of chondriome 
material again begin to appear. The mitochondria are fairly 
few in number towards the cessation of secretion, but their 
number increases somewhat and is soon as large as before 
ejaculation. Gradually, they become somewhat tortuous. The 
mitochondria are of a uniform width except in a few places 
where small drop-like swellings are again visible. The mito- 
chondria moreover become longer. They also begin to appear 
apically in the cell among the secretion granules. Tlie 
stainability of the chondriome gradually increases. The mito- 
chondria appeared to be of a homogeneous consistency the 
w’hole time wnthout different constituents being visible in 
them. 

The occurrence of such long, filamentous mitochondria as 
were described above, does not agree with the observations 
made in the prostate gland by other writers. De Bonis (1907), 
who examined the prostatic epithelium of the dog, observed 
small granule-resembling »plasmosomes«. Coivdry (1918) also 
observed such granule-resembling mitochondria in the pro- 
static epithelium in white mice. Moore, Price and Gallagher 
(1930) examined the epithelial cells of the prostate gland in 
the rat and found that the mitochondria were made up of 
granules or small rods. 

In its behaviour during the different stages of cellular ac- 
tivity the chondriome corresponds fairly w'ell with the obser- 
vations made on other organs by various researchers. That 
the number of the mitochondria increases with increasing 
cellular function seems to be a fairly general phenomenon 
{Romeis 1913, Policard 1910, Homans 1915, Seecof 1925, 
Hirschlerowa 1928, Voiila 1934, Wahlberg 1933, 1935 and Gyl- 
ling 1938). Dominici (1913) also observed that the mito- 
chondria of the prostatic epithelium vary quantitatively with 
the cellular activity. In active cells capable of function, the 
mitochondria as a rule seem to resemble long and undulatory 
filaments (Regaud and Mawas 1909, Schultze 1911, Cramer 
and Ludford 1926, Hirschlerowa 1928 and Wahlberg 1935). 
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Ries (1935) and Gylling (1938) described how the mito- 
chondria show a disintegration into chain- or bead-like 
formations in a stage of intense new-formation of secretion 
granules in the cell. Busacca (1915) and Jdrui (1935) observed 
that the number of mitochondria decreased during cellular 
activity. 

According to de Bonis (1907), tire »plasmosomes« (by 
which the author evidently means the mitochondria) are 
formed in the nucleus in the prostatic epithelium. Tliis view 
is not supported by the observations made in the present in- 
vestigation. According to Dominici (1913), the mitochondria 
are not directly transformed into secretion granules. In the 
formation of the latter, however, the mitochondria are said 
to take part indirectly. The observations made in tlie present 
experiments seem rather to speak in favour of Dominici’s 
theory. That the mitochondria are intimately involved in the 
production of secretion granules seems probable, as tbe mito- 
chondria as a rule extend from the base of the cell towards 
the Golgi apparatus in which they may be observed to end 
in a small drop-like formation. Particularly at incipient intense 
new-formation of secretion granules, numerous such small 
drop-like swellings in tlie mitochondria are seen even in the 
more basal portions of the mitochondria. At the beginning of 
secretion the mitochondria increase in number. After tbe se- 
cretion has for some time been verj' intense, they decrease in 
number at the same time as they become tliinner and disinte- 
grate into fragments with fairly clear signs of shortage of ma- 
terial. All these facts seem to indicate rather strongly that the 
mitochondria in some way would be capable of delivering ma- 
tei’ial to tlie drops of secretion. The wew that the mitochondria 
in this manner would contribute to the production of secretion 
granules is in the literature supported e. g. by Altmann (1894) , 
Akiitsu (1903), Champy (1911), Schultze (1911), Arnold 
(1912), Duesberg (1912), Hoven (1912), Maximow (1916), 
Nassonov (1924), Parat (1928) and Yamasaki (1936). On the 
basis of the observ'ations made in the present investigation it 
can hardly be considered as probable that the mitochondria 
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actually are the most important factors in the new-formation 
of secretion granules. 

It seems extremely likely that chondriome substance is 
also consumed in the indirect activity of the mitochondria 
during secretion. Such a theory partly approaches the %1e\v 
that granules would in some way develop in contact with mito- 
chondria. Suggestions in this direction have been made by 
Prenant (1910), Laguesse (1911), Regaud (1911), Cowdry 
(1918), Bmberger (1925), KonopacJd (1927), Honda (1927), 
Policard (1928), Hirsch (1932), Duthie (1934), Jdrm (1935, 
1938) and others. 

Irrespectively of which of these theories is the more cor- 
rect, or whether both are possibly justified, facts have been 
adduced in the present investigation which rather clearly in- 
dicate a fairly close connection between the function of the 
chondriome and the new-formation of secretion granules. 

7. The Golgi apparatus. If the intracellular granules are 
very numerous so that they occupy the largest portion of the 
cell, the Golgi apparatus is displaced towards the basal parts 
of the cell. If the extrusion becomes very active and the intra- 
cellular masses of granules decrease, the place of the Golgi ap- 
paratus is higher up in the cell. 6 minutes after ejaculation 
the Golgi apparatus reaches its most apical position and is 
then situated somewhat above, or in the middlemost portion 
of the cell. It seems as if this change in position would be 
fairly passive as far as the Golgi apparatus is concerned and 
rather be due to the general, and apparently powerful stream- 
ing within the cell from the base towards the lumen of the 
glandular duct. When the intensity of the extrusion again 
decreases and the intracellular granules become more nu- 
merous, the Golgi apparatus is again pressed down towards 
the base of the cell. 

In these preparations, the main portion of the Golgi ap- 
paratus was always found just above the nucleus. In spite 
of their close topographical positions, nothing was observed 
that might indicate a more intimate relation between the 
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nucleus and the Golgi apparatus, in distinction to the obser- 
vations made in thyroid cells by Uotila (1934). 

The size of the Golgi apparatus is much dependent on the 
intensity of secretion. Soon after ejaculation the volume of 
the Golgi apparatus considerably increases. Such an increase 
in volume is in accordance with ohserv^ations made in other 
organs by Nassonov (1924), Kopsch (1926), Hirsclilerowa 
(1928), Okkels (1932), Winters (1933), Uotila (1934) and 
Wahlberg (1933, 1935). With decreasing secretion the Golgi 
apparatus gradually decreases so that finally it is no larger 
than prior to the ejaculation. Bozyen (1926) and Gylling (1938) 
earlier described how the size and complexity of tlie Golgi ap- 
paratus was reduced while secretion was in progress. 

In the Golgi elements of the prostatic epithelium it is also 
possible to observe the two substances which by Hirschler 
(1927) were termed ^apparatus externum« and »apparatus 
internum«. 

The osmiophile externum forms a network in the meshes 
of which the osmiophohe internum may he observed as light 
vacuoles. In a state of marked secretory activity, numerous 
small drop-like formations are visible in the apparatus ex- 
ternum. These may he completely surrounded by the osmium- 
blackened externum, hut sometimes it may he observed that 
the black wall has thinned off and ruptured as it were so that 
the light drop freely communicates with the surrounding con- 
tents of the cell. In secretorily inactive stages, considerably 
fewer such light drops are seen in the apparatus externum. 

In the light apparatus internum two constituents may he 
seen. The meshes in the osmiophile network are filled A\ith 
grains of secretion of varying sizes from extremely small drops 
of tJie same size as the small light vesicles in the apparatus ex- 
ternum up to large secretion granules which greatly resemble 
those found exteriorly of the Golgi apparatus in the apical part 
of the cell. In spite of the fact that secretion granules are 
closely packed in the meshes of the Golgi net, they seem to be 
surrounded by a somewhat darker medium which might be 
thought to constitute the apparatus internum proper. Whether 
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this is of the same composition as the plasma exteriorly of 
the Golgi apparatus or whether it has a specific character of 
its own is not shown in the preparations. The secretion gra- 
nules in the Golgi apparatus as a rule appear to be in the act 
of moving towards the apex of the cell. 

In chondriome preparations,' clear Golgi negatives may be 
observed, particularly 6 minutes after ejaculation. In synoptic 
preparations it is also possible to observe fairly distinct lighter 
areas in the Golgi zone. In inactive stages these Golgi negatives 
are not equally pronounced. Golgi negatives were described by 
von Bergen in the prostatic epithelium of the dog as early as 
1904. Moore, Price and Gallagher (1930) also observed Golgi 
negatives in the epithelial cells of the prostate gland in the 
rat. 

Verson (1908), Taddei (1910) and Kopsch (1926) also 
earlier described how the Golgi apparatus in the prostatic epi- 
thelium was composed of dark rods and loops. With regard to 
the functional changes of the Golgi apparatus and its signi- 
ficance to the secretion, the works of these authors give no 
information. During the study of other organs, however, many 
workers, as e. g. Fuchs (1902), Holmgren (1904), Sagouchi 
(1920), Nassonov (1923, 1924), Bowen (1924, 1926) and Jarai 
(1938), found signs indicating that the new-formation of se- 
cretion granules is related to the Golgi apparatus. The ex- 
periences gained in the present investigation seem to imply 
a very intimate interrelation between the Golgi apparatus and 
the production of secretion granules. It might be imagined 
that granules first arise in the form of small vesicles in the 
Golgi rods and then emerge into the meshes of the osmium- 
stained net and grow there. Finally, the secretion granules end 
up outside the Golgi apparatus in the most apical portions of 
the cell. It appears as if the morphology of the secretion-phy- 
siological mechanism in the prostate gland would lend support 
to the theory which has earlier been advanced (Gglling 1938) 
in connection with two other glands. At least the majority of 
the material for the secretion granules would thus be supplied 
by way of the chondriome to the Golgi apparatus in which 
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granules would then be further differentiated and developed. 

According to Nassonov (1926, 1927), Weiner (1928) and 
Hertwig (1929), substances supplied from the outside are 
centred in the secretion granules in the Golgi apparatus. 

8. The intracellular secretion granules. As an account has 
already been given of the granules situated in the Golgi ap- 
paratus, only such granules as lie freely in the cell wll he 
dealt \\ith in this section. 

When the male has been kept in isolation for a long time 
and then for some time in the neighbourhood of oestrual 
females, the cells in the prostatic epithelium are filled wnth 
closely packed secretion granules. The latter may he found 
even below the hasally situated cell nucleus. After ejaculation 
the intracellular secretion granules decrease. They occur only 
rarely in an intranuclear position. 6 minutes after ejaculation, 
secretion granules are only seen, besides in the Golgi apparatus 
in a small zone in the most apical part of the cell. There they 
are no longer so closely packed. Then the number of granules 
increases again so that they soon occupy almost the whole 
of the cell. They are, however, no longer as closely packed as 
in Uie experimental stage before ejaculation. Neither do they 
equally frequently occur hasally of the Golgi apparatus. 

Petersen (1909) observed that the cells were very poor in 
secretion both after copulation and after injections of pilo- 
karpin. Such basophile granules as those mentioned by Weski 
(1903) and Petersen were not observed in these preparations. 
The secretion granules always presented a clear and acidophile 
centre surrounded by a tight, unstainable zone. This structure 
was most distinct in the granules situated most hasally. In 
the granules present in the more apical portions of the cell, 
only the central acidophile body was mainly left. Those gra- 
nules were also somewhat less distinct and very closely packed 
together as described above. Granules in the neighbourhood 
of the Golgi apparatus were stained a lighter shade by osmium 
than those situated in Hie apex of the cell. Possibly, these facts 
might serve as an indicator of the further development of se- 
cretion granules within the cell. 
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9. The extrusion. Before ejaculation the walls of the epi- 
thelial cells towards the lumina of the glandular ducts are very 
distinct and clear. If an extrusion of granules from the cell 
into the lumen of the glandular duct occurs at all, it is at least 
very difficult to observe and certainly very slow. The epithelial 
cells filled wth granules are now in a state of relative repose. 
This state might be called a stage of secretion preparedness. 

Soon after ejaculation, the apical cell-walls have in many 
places disappeared so that the contents of the cell directly 
communicate mth the lumen of the gland. Or else it may be 
observed that large drops of secretion are in the process of 
developing at the sides of the cell-walls turned towards the 
lumen. 3 minutes later the extrusion is most active. Now clear 
apical cell-wmlls are only rarely observed. Then the secretion 
gradually decreases from stage to stage. When the present ex- 
periments w'ere ended the extrusion was only slight. 

The extrusion seems to be of purely apical nature. Its in- 
tensity appears to be almost equally great in the whole glan- 
dular epithelium. The preparations did not show how the 
drops of secretion pass through the wall of the cell. 

Petersen (1909) found a continuous secretion in man. It 
seems probable that this is usually the case. Only in the special 
experimental stage of repletion which in the present investi- 
gation was caused in the prostate gland, the extrusion was 
reduced to a minimum. Eberth (1904) found that the prostate 
during copulation secretes the substances formed in the in- 
terval of repose. According to de Bonis (1907), Petersen (1909) 
and Sfieve (1930), the secretory intensity of the prostatic 
epithelium increases during copulation, evidently even before 
the ejaculation. This does not seem to have been the case in 
the present experiments. It seems difficult to imagine that still 
more secretion could be contained in the prostate gland which 
is already filled to the full, as described above. 

10. The contents of the lumen. Before ejaculation the lu- 
mina of the glandular ducts are heavily filled with secretion. 
The latter consists for the most part of a faintly eosinophile, 
shapeless substance. In this substance, scattered drops are 
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seen which reveal a perhaps somewhat more marked eosino- 
phile state. In Altmann-Kull preparations, they are intensely 
red-coloured and finely granulated in distinction to the form- 
less yellowish secretion. A small number of degenerated nuclei 
are also present. 

In these rabbits, prostatic calculi did not seem to occur so 
frequently as described by other writers. This may possibly 
be explained by the comparatively young ages of these rab- 
bits. 

Shortly after ejaculation the glandular ducts contain a very 
small amount of secretion. They appear to be flaccid and 
shrunken. Then the gland is filled again fairly rapidly so that 
the prostate, possibly 6 minutes, but at least 9 minutes after 
ejaculation may be considered to hold a comparatively 
abundant amount of secretion. 


SUMMARY. 

1. In the connective tissue which supports the epithelium 
in the prostate gland, the erythrocytes and the content of 
liquid increase with the beginning of secretion and decrease 
in proportion as the intensity of secretion diminishes. 

2. The volume of the epithelial cells increases somewhat 
wth the beginning of secretion. Then the cells gradually de- 
crease in size. 

3. The »Kittlcisten-& are thin and distinct. Towards the end 
of an intense secretion, however, they become somewhat 
thicker. 

4. In the course of secretion the nucleus is subjected to 
certain modifications in position, size and internal structure. 
These changes, however, are not of a type indicating that the 
nucleus is directly involved in the formation of secretion. 

5. With regard to the plasma, no direct participation in 
the formation of secretion was noticeable. During intense se- 
cretion and extrusion, a structureless basophile area develops 
in the plasma. This area is formed in a zone just below the 
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nucleus and extends over the basal and middlemost portions 
of the cell. When the secretion diminishes, the basophile 
plasma gradually disappears. 

6. The shape and mass of the chondriome is dependent on 
the functional stage of the cell. In normal cells, which do not 
exhibit a noticeable secretory activity, the mitochondria are 
long fragments which extend from the most basal part of the 
cell to the Golgi zone. At the beginning of secretion, the 
number and substance of the mitochondria increase. The 
chondriome now gives the impression that a powerful stream- 
ing occurs from the base of the cell towards the Golgi ap- 
paratus. When the secretion has been very intense for a while, 
signs of shortage of material may be discovered in the 
chondriome. The mitochondria become thinner and dis- 
integrate into bead-like formations. When the secretion di- 
minishes, the mitochondria resume their former appearance. 
When the secretion is not very active, small conglomerations 
of chondriome material may frequently be observed close to 
the basal wall of the cell. From these the mitochondria de- 
part. When the secretion is very intense, these conglomerations 
disappear. They are re-formed later on when the secretion 
is less intense. 

These observations speak in favour of an interrelation be- 
tween the chondriome and the new-formation of secretion 
granules. Part of the function of the chondriome seems to 
consist in transferring material from the more basal parts 
of the cell to the Golgi apparatus. Regarding other characters 
of the chondriome, the experiences gained in the present in- 
vestigation give no definite indications. 

7. At the beginning of secretion, the volume of the Golgi 
apparatus is greatly increased. In the course of secretion, it 
again decreases in size until it has attained its original size. 
In the Golgi apparatus we may distinguish between an osmio- 
phile apparatus externum and an osmiophobe apparatus in- 
ternum. Especially when the secretion is intense, an abundance 
of small light drop-like formations can be seen at the ex- 
ternum. These may be in open communication with the m- 



terniim. In tlie latter an abundance of granules may be ob- 
served which may vary in size from extremely small drops, 
resembling the small light formations in the apparatus ex- 
ternum, to large drops which, much resemble the secretion 
granules outside the Golgi apparatus. Particularly in se- 
cretorily active stages, Golgi negatives may be observed in 
certain preparations, like a system of light discs or lamellae. 
In this system may be distinguished unequally large granules 
which were described above in connection with the Golgi ap- 
paratus. 

All these facts seem to indicate fairly strongly that the se- 
cretion granules are formed in the Golgi apparatus or at least 
develop and grow in the latter. 

8. When the extrusion is slight, the secretion granules oc- 
cupy most of the cell. After very intense extrusion, granules 
are only present in the most apical portions of the cell. With 
decreasing extrusion activity, the granules again begin to fill 
up the largest portion of the cellular space. 

9. In a state of slight extrusion the secretion drops pass 
through the wall of the cell in a way which was not elucidated 
in the present investigation. When the extrusion is very in- 
tense it seems as if the apical wall of the cell would wholly, 
or partly, disappear. 

10. The secretion in the ducts of the prostate gland is mor- 
phologically unaltered, irrespectively of its being produced 
gradually or very rapidly. When the secretion is evacuated 
during the ejaculation, the prostate is capable of producing 
large amounts of new secretion within a very short time. 

. CONCLUSIONS. 

I. When the endocrine activity of the testicles is apparently 
unchanged, the secretory acthity in the prostatic epithelium 
directed towards the lumen is probably inhibited by the pres- 
sure arising between the glandular walls and the more and 
more increasing contents of the lumen. 

11. During copulation, the ejaculation results in an intense 
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extrusion and production of new secretion granules in the 
epithelial cells. 

III. The secretory activity takes place during a simple 
working cycle, the intensity of which is most marked at first; 
afterwards, it gradually diminishes. 

IV . In the different experimental stages, the prostatic epi- 
thelium, and particularly the different constituents of the cell, 
may be observed in different secretion-physiological stages. 

V. The experimental stages described above are ad- 
vantageous in that they may be produced by very simple and 
»natural« means. 

VI. The results obtained in the present investigation nith 
reference to the prostate gland markedly agree with the ex- 
periences gained in a previous work on two other accessory 
sexual glands {Gijllinr^ 1938). In order to facilitate a com- 
parison between these investigations, the arrangement of the 
present paper was made in as great accordance as possible 
with that of the earlier publication. 
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Numerous authors (as for instance Rocum 1893, Griffiths 
1895, Lesin 1896, Casper 1897, Athanasoiv 1898, Korenchevsky 
1930, Leijdolph 1930, Hansen 1933, Niehans 1936) have paid 
attention to the changes to which the prostate gland is sub- 
jected after castration, hut only Moore, Price and Gallagher 
(1930), who used rats as test animals, have taken any interest 
in the detailed cytological changes which occur in the prostate 
epithelium if the stimulating influence of the testicular hor- 
mone is eliminated. 

The experiments to be described in this paper are a direct 
sequel to the first section of this series of investigations which 
is published on page 36 — 78 of this journal. There it was shown 
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that the prostate epithelium, by repletion of the luniina of the 
glandular ducts, could be brought into a state of comparative 
inactivity, or into a stage of secretion preparedness. Such a 
state, however, can hardly be looked upon as typical of the 
normal prostate epithelium in repose. An examination of the 
prostatic epithelium in normal animals in which the pro- 
duction of testicular hormone were not stimulated by external 
or other controllable circumstances would give an opportunity 
to observe the secretory actmty in the prostatic epithelium 
under so to speak ordinary conditions. Siieve (1930) assumed 
that the prostate gland was, normally, in a state of constant, 
more or less intense secretion. 

If the influence of the prostate-stimulating testicular hor- 
mone ceases, the prostate will atrophy according to the above- 
mentioned authors. In that case the secretory activity of 
the prostate epithelium ought also to decrease to a marked 
degree. If the cell portions which, in stages of secretory ac- 
tivity, particularly hypertrophy and show signs of activity, 
decrease and atrophy to an extent corresponding to the de- 
creasing secretion, this fact would in a way constitute a proof 
of the close connection of these cellular constituents with the 
production of secretion granules. 

This experimental series would thus offer an opportunity 
for studying a glandular epithelium in various stages of 
atrophy. Among the various means by which a gland can be 
made to atrophy, an elimination of a hormone seems to be 
much less harmful than if the atrophy were to be brought 
about by violent external interference, for instance by cutting 
off blood vessels or nerves, or by underfeeding the whole test 
animal. It therefore seems that we are justified in assuming 
that the atrophy of the glandular epithelium and its finest 
structures would here take place in as »physiological« a 
manner as possible. 

The questions presented above may be summarized as 
follows; 

I. What is the secretory activity of the prostate epithelium 
if the production of the testicular hormone in a normal test 
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animal is not affected by external or otherwise controllable 
circumstances which are calculated to stimulate this pro- 
duction. 

II. To what change is the prostate epithelium subjected, 
and particularly its secretory activity, if the stimulating in- 
fluence of the testicular hormone ceases. 

III. Can it be established that tlie very cell constituents 
which hypertrophy during secretorily active stages, especially 
decrease and atrophy if the secretory activity of the prostate 
epithelium decreases, or ceases. 

IV. Is it possible to observe in this investigation a glandular 
epithelium during different stages of atrophy. In that case, 
is the method by which the atrophy is produced especially 
calculated to give the latter a »physiological« character. 

Material. In tliese experiments only rabbits were used. 
With regard to the standardization and characteristics of the 
test animals reference is made to the first publication in this 
experimental series (see this journal page 36). For the ex- 
amination of the secretory activity in the prostate epithelium 
in isolated test animals, the rabbits, standardised in the man- 
ner earlier described, were kept in cages, separated from each 
other, in a room where no females were found. The conditions 
under which the animals lived were unchanged the whole 
time. They had to remain in these cages for a couple of 
months. During this time the production of testicular hor- 
mone was calculated to attain approximately the same level 
in all the experimental animals; this, in its turn, would result 
in a comparatively uniform actmty of the prostate epithelium 
of the animals in question. Tlien the animals were chloro- 
formed; the prostate portions to be examined were rapidly 
cut out and were immediately placed in the fixing solutions 
so that the sources of error which might possibly arise under 
narcosis or after death should be eliminated as far as possible. 

4 rabbits were used in this manner. Synoptic preparations 
were made of one of these animals, and 3 males were used 
for more detailed cytological fixations. 

Acti pith. Vol. XVIII. I ® 
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la the experiments based on a previous castration, 33 rab- 
bits in all were used. To render possible a comparison of the 
results of the investigations described in this paper and in 
the one previously published on the prostate gland, these 
rabbits, after an isolation of two weeks, were placed for two 
days in the neighbourhood of oestrual females. Then the 
operation was performed in the usual manner per scro- 
tum. Attention was paid to the points of riew' presented 
in an earlier discussion {Gylling 1938). After the operation 
the animals were kept in isolated cages until they w^ere chloro- 
formed. In this way preparations were taken 5 days, 10 days, 
20 days, 60 days, and 6 months after castration. For the first 
4 of these 5 stages, 7 rabbits were used per stage, 4 of which 
for cytological, and 3 for synoptic preparations. For the last 
stage cytological preparations were made of 2 rabbits and 
synoptic preparations of 3 rabbits. In this investigation 37 
rabbits in all were used. 

Histological technique: See this journal p, 40. 


INVESTIGATIONS. 

a) PREPARATIONS TAKEN AFTER THE TEST ANIMALS HAD 
BEEN ISOLATED AND UNMATED OVER 
A PROLONGED PERIOD. 

These preparations resemble in many respects those which were 
described in a previous paper {Gulling 1940) as relating to the pro- 
state gland after the rabbits had first been isolated for some time 
and then for 48 hours had been kept in the neiglibourhood of females, 
separated from the latter only by a wide-meshed wire-netting. 

The interstitial connective tissue which supports the epithelium 
of the epithelial lobes appears fairly compressed and comparatively 
poor in erythrocytes. The epithelium is single-lined, cylindric. The 
cells are on an average 19 p high and 5p wide. A basal membrane 
may be observed in a number of preparations. Towards the lumen 
the cells are bounded by a mostly unduiatory contour. The 
leistena are narrow and distinct. The nucleus is found in the basa 
portion of the cell. The nuclei are 5p in the longitudinal direction 
of the cell and 5 p in the transverse direction. Their shape is usually 
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round. The preparations show that they are circumscribed by a 
distinct and unbroken nuclear membrane. 2 — 3 nucleoli are usually 
found in each nucleus. The chromatin consists of fine, well circum- 
scribed fragments which together form a finely meshed net-work. 

The plasma (with the exclusion of all differentiated structures 
like chondriome, Golgi apparatus and cell granules) seems to be 
rather smooth and uniform. It is very finely granulated and is 
stainable with eosin. The chondriome in some cases forms fairly 
small basal accumulations. The mitochondria are long with a slight- 
ly sinuous course. They extend towards the Golgi zone. The Golgi 
apparatus is found just apical of the nucleus. Its fragments, stained 
black with osmium, are rather thin and form together a net-work. 
In the individual meshes, one, or sometimes a few, secretion granules 
are visible. In the dark rods a number of light vesicles may also 
be seen. 

The intracelhdar secretion granules are found from the apical 
part of the nucleus to the border of the cell towards the lumen of 
the gland. They have a darker, central grain surrounded by a light, 
non-stainable area. This structui-e of the granules is clearer the 
more basally they are situated in the cell. Closer to the apex of 
the cell only the centi’al grains arc visible. Secretion granules are 
seldom observed in an internuclear position and more rarely still 
they occur basally of the nuclei. Seemingly, the secretion granules 
are now no longer found in such great numbers as in the stage 
earlier described {Gylling 1940), when the males had been kept in 
the neighbourhood of oestrual females. 

The cells are demarcated towai'ds the lumen by a distinct and 
wholly uniform cellular wall. To the side turned towards the lumen, 
a number of unequally large secretion drops are attached which 
are evidently being formed by a fusion of the intracellular secretion 
grains. It would therefore seem that an extrusion of secretion occurs 
from the epithelial cells in the lumen of the gland. This extrusion 
docs not seem to be very marked, however. The contents of the 
glandular lumen consist of the usual secretion, which is mostly 
formed by an amorphous, faintly eosinophilic, or neutrophilic, mass, 
in which some drops may be discerned, being perhaps somewhat 
more mai-kedly eosinophilic to judge from the preparations. A num- 
ber of degenerated nuclei are also seen as well as a number of 
prostate calculi. The lumen of the gland is in this stage fairly well 
filled. 
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b) PREPARATIONS TAKEN 5 DAYS AFTER CASTRATION. 

. , (See plates 1 and 2). 

As short a time after the operation as this no very marked 
histological changes can be observed. In the epithelial cells of the 
gland certain cytological changes are noticeable, however. Neither 
in the prostate gland nor in the surrounding portions could any 
signs be observed, indicating an inflammation, or other ill-effects, 
caused by the operation. 

The interstitial connective tissue. The connective tissue close to 
the epithelium appears to have approximately the same structure 
as before the operation. Erythrocytes occur very sparsely. The con- 
tent of liquid seems to be comparatively low. 

The epithelium. Apparently the glandular ducts are as well 
developed as before the operation. The epithelium, on the other 
hand, has become considerably longer. The cells are seemingly also 
somewhat more narrow than eaidier. They are now on an average 
17 /u high and 5,u wide. The epithelium is separated from the con- 
nective tissue by an extremely thin basal membrane, which in many 
places is hardly noticeable. The basal cells which were earlier rather 
few in number have possibly increased to a certain extent. 

The »Kittleisten« are as thin and clear as in the previous stage. 

The nucleus in most cases occupies a basal position in the cell. 
Its shape is unaltered. The nuclei are on an average 5,u in the longi- 
tudinal direction of the cell and 4/^ in the transverse direction. 
'A distinct and unbroken nuclear membrane surrounds each nucleus. 
The number of the nucleoli has not been altered but their stain- 
ability seems to be somewhat reduced. The rods in the chromatin 
net hardly appear to be noticeably thicker than in earlier stages. 
The meshes in the net seem to be inconsiderably larger and some- 
what reduced in number. 

The plasma has an even and uniform character. The foamy 
appearance which characterized the plasma in the secretorily active 
stages is no longer observable. In hematoxylin-eosin preparations 
the plasnia is rather lightly eosinophilic. In osmium-stained pre- 
parations the plasma is lighter in colour than before. 

The chondriome in’ this stage shows a comparatively fainter 
stainability in most cases. Its structures have a tendency to become 
light and indistinct. The basal accumulations of chondriome 
material are either fairly small, or else they are wholly lacking. 
The mitochondria which depart from the basal conglomeration, or 
if the latter is absent, from the immediate proximity of the basal 
cell wall, show a comparatively tortuous course. They are fair y 
thin and even. The small nodes and swellings observed in normal 










85 


isolated and unmated rabbits arc usually no longer observable. It 
has been described in an earlier paper how, in secretorily very 
active cells, the mitochondria show a tendency to disintegrate into 
bead-like formations. A similar tendency is .noticeable here, but the 
fragments are now thin and of varying length. They form together 
undulating structures. Long and uniform, filament-resembling mito- 
chondria also occur. The mitochondria on the whole extend in the 
longitudinal direction of the cell, however, from the basal part of 
the cell towards the Golgi zone. But it is sometimes possible to 
observe mitochondria which are situated in the most apical portions 
of the cell. 

The Golgi apparatus is sometimes found immediately above the 
nucleus but perhaps still oftener it is situated in a more apical 
direction. It usually forms a more or less flattened, calotte- 
resembling structure, which is placed crosswise to the longitudinal 
direction of the cell. Other shapes may also occur. It gives the 
impi'cssion of being a fairly closed formation. Particularly towards 
the apex of the cell it is usually demarcated by a very well deve- 
loped, osmium-stained rod. The net-shaped structure now appears 
I’ather incomplete in the preparations. The osmium-stained frag- 
ments are comparatively thick and lumpy. Light vesicles, of the 
appearance described in normal rabbits, arc very rarely seen in 
these fragments. The line of demarcation between the osmium- 
stained rods and the lighter vacuoles seems to be rather diffuse. 
In most cases the lighter vacuoles arc diffusely darker than earlier. 
In the vacuoles isolated secretion granules may be differentiated, 
however. The latter are of the same appearance as secretion granules 
outside the Golgi zone. 

In chondriome or synoptic preparations it is hardly possible 
to discern Golgi negatives any more. On the whole the Golgi ap- 
pai’atus now gives the impression of being a fairly inactive cell 
constituent. 

The mtraeellular secretion granules occupy the largest portion 
of the cell. It is by no means unusual to find them lateral of the 
nucleus and even basal of the nucleus, close to the basal wall of 
the cell. Their structure has been altered somewhat in that the 
central grains in the basal secretion granules are no longer sur- 
rounded by an equally clear and distinct, non-stainable area. The 
outlines of the various secretion granules also appear to be some- 
what less distinct than in normal rabbits. 

The extrusioi^ is very slight. The cells are demarcated against 
the lumen by a distinct and uniform cell wall. .As some drops of 
secretion can be seen to be attached to the side of the cell wall 
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turned towards the lumen, we must assume that a slight secretion 
takes place. 

The contents of the lumen have the same composition as before 
the operation. 


c) PREPARATIONS TAKEN 10 DAYS AFTER CASTRATION. 

(See plates 3 and 4). 

The interstitial connective tissue. The connective tissue which 
separates the different prostatic ducts has become thicker. The 
connective tissue supporting the epithelial lobes projecting into the 
lumen have also become thicker. The structure of the connective 
tissue appears to a certain extent to be more compact. Erythrocytes 
are comparatively rare close to the epithelium. In the small blood 
vessels which are found at a certain distance from the epithelium, 
numerous red blood corpuscles are visible, however. The content 
of liquid in the connective tissue appears to be still more reduced 
than in the preceding stage. 

The epithelium. The lumina of the prostatic ducts have become 
some^vi^at smaller. The epithelial lobes have become a little shorter 
and wider than before. It becomes increasingly rare to find thin 
epithelial lamellae extending across the lumen of the glandular 
duct. The epithelium has become longer and narrower. The cells 
are now lift high and 4_« wide on an average. Basal cells occur 
somewhat more densely. It is now difficult to discern the basal 
membrane which earlier separated the epithelium from the con- 
nective tissue. 

The »Kittleisten« are possibly somewhat thinner but very 
distinct. 

The nucleus. The nuclei lie close to the basal walls of the cells. 
They are usually round but may adapt themselves to the shape of 
the cell. For instance, high, nai-row cells may present oval nuclei 
placed in the longitudinal direction of the cell, and flat cells may 
present nuclei somewhat flattened towards the base of the cell. It 
is rather difficult now to give measurements of the average dimen- 
sions of the nuclei. As some sort of mean value we may give 4,u for 
the height, of the nuclei in the longitudinal direction of the cell 
and 3 ft for the width. The nuclei are surrounded by a distinct and 
uniform nuclear membrane. The nucleoli stain rather badly. The 
fragments of the chromatin net are, relatively speaking, slightly 
thicker and more lumpy. The meshes in the chromatin net are 
similarly perhaps somewhat larger. 

The uniform character of the plasma here appears still more 




Plate 3. 

Fairly clear epithelial atrophy. .A.ltmann. .■\Umann- 
Kull. Enlargement 1320. 



Plate 4. 

Fairly clear epithelial atropliy. Kopsch-Kolatsclicw. 
Enlai-gement 1320. 
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distinctly. The plasma stains more lightly eosinophilic than in the 
preceding stage. In osmium-stained preparations the plasma is 
also very light. 

The chondrionie is greatly reduced. In most cells the hasal ac- 
cumulations of chondriomc matei'ial are whollj’’ lacking. In other 
cells it is possible to discern small rudiments of the hasal con- 
glomerations. The mitochondria depart from the base of the cell 
and still extend in its longitudinal direction. They are somewhat 
less numerous than earlier. Long filamentous foi’ms are not so 
frequent. As a rule the mitochondria are made up of short thin 
rods of unequal length. Granule-resembling mitochondria, placed 
in a row, may also occur. The mitochondria have in most cases a 
straight, non-tortuous course. Above the Golgi zone they are not 
discernible with certainty. 

The chondriome stains more faintly than in the preceding stage, 
its outlines are comparatively indistinct. 

The Golgi apparatus, as in the earlier stage, lies either closely 
apical of the nucleus hut moi-e frequently somewhat closer to the 
apex of the cell. Its volume has been considerably reduced. It has 
a leather compact appearance and seems to be a fairly closed 
formation in all directions. In the massive and lumpy, osmium- 
blackened rods, small light vesicles are very rarely seen. The lighter 
vacuoles between the rods ai'e also small and few in number. They 
seem to be darker than the medium surrounding the Golgi appa- 
ratus. Whether secretion granules are present in these lighter 
vacuoles or not is difficult to observe in the preparations. Golgi 
negatives are hardly visible in Altmann-Kull or other preparations. 

The intracellular secretion granules still occupy a large portion 
of the cell. They are mostly present in the more apical portions of 
the cell, but it is by no means unusual to observe secretion granules 
also close to the basal wall of the cell. The light area which sur- 
rounds the more basal secretion granules does not appear quite as 
cleai'lj'^ as before. The secretion granules have become smaller and 
stain somewhat less intensely than earlier. They also seem to occur 
fairly sparsely in the cell as compared to previous stages. 

The extrusion seems to be very slight to judge from the few 
and inconsiderable secretion drops which are attached to the side 
of the apical cell wall which is turned towards the lumen. Never- 
theless, a certain secretory activity seems to occur. 

The contents of the lumen seem to have become somewhat re- 
duced. Their composition, however, appears to be about the same 
as earlier. 
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d) PREPARATIONS TAKEN 20 DAYS AFTER CASTRATION. 

(See plates 5 and 6). 

The interstitial connective tissue. The connective tissue between 
the different glandular ducts is now considerably thicker as com- 
pared to the rest of the gland. It consists of compact masses of 
fibrils of connective tissue. The nuclei have increased in the layer 
of connective tissue bordering on the epithelium. Fairly numerous 
small blood vessels, filled with erythrocytes, are also seen here. 
In spite of this, the content of liquid in the connective tissue appears 
to be rather low. The connective tissue which supports the lists of 
epithelium projecting into the lumen has also become broader and 
more compact. 

The epithelium. The lumina of the glandular ducts have become 
still more reduced. Ducts are also visible in which the lumen has 
become filled up altogether. The epithelium has now almost wholly 
lost its earlier character. There are frequently two or more layer. 
The cells are small and.may assume every shape from low-cylindric 
and cubic to flattened. As an approximate mean for the cells 
bordering on the lumen may be mentioned 6 p for the height 
and 4 p for the width. No basal membrane separating the epithelium 
from the connective tissue can be discerned. In many places it rather 
looks as if the epithelium passes into the connective tissue gradually 
and imperceptibly. 

The »Kittlcistcn« are still very thin and distinct. They form 
together a net which is somewhat thicker at the corners. 

The nucleus occupies the lai’gest portion of the cell. On account 
of the small size of the cells, the nuclei usually lie in about the 
middle of the cell. If a cell has kept its cylindric shape, the nucleus 
is found closer to the base of the cell. The shape of the nuclei is 
the same as in the preceding stage. An approximate mean for the 
height of the nuclei is ip and for their width, 3p. They are sur- 
rounded by a distinct nuclear membrane. The nucleoli hardly stain 
differently from the chromatin. The chromatin fragments are com- 
paratively thicker and lumpier than before. The light vacuoles in 
the chromatin net are also, relatively speaking, rather large and 
few in number. 

The plasma which surrounds the nucleus in a thin layer, of 
fairly uniform thickness, resembles the one seen in the previous 
stage, being lightly eosinophilic. In osmium-stained preparations 
the plasma is very light. 

The chondriomc is now very strongly reduced. It stains very 
faintly and indistinctly with oxygen-fuchsin. In the plates it is 
difficult to discern even parts of the chondriome. At a close study 
of the preparations it is possible, especially in cells which have 
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Marked epithelial atrophy. Altmann. Altmann-Kull. 
Enlargement 1320. 
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better preserved their cylindi'ic shape, to observe scattered granules 
in the vicinity of tlie basal wall of the cell. Somtimes it is also 
possible to discern thin and faintly stained filaments which usually 
extend in the longitudinal dii'cction of the cell. They may, how- 
ever, extend in any direction within the cell. 

The volume of the GoJgi a2yparatus is still more reduced. It is 
frequently found closer to the nucleus than earlier. It is, however, 
possible, in cells which have preserved their cylindric shape, to 
observe Golgi apparatuses the position of which is considerably 
more apical. In the latter position the Golgi apparatus often as- 
sumes an arch-resembling shape, with the convexity towards the 
lumen of the prostatic duct.- This shape also occurred in the previous 
stage. If the Golgi apparatus lies closer to the apical pole of the 
nucleus, the osmium-blackened fragments compose a more irregular 
formation. The fragments are thick and lumpy. Xo vesicle-shaped 
structures are visible in them. It is rare to find that the rods form 
lighter vacuoles between them. If such vacuoles occur, they are 
small and fairly dark. No observation can be made showing that 
they contain secretion granules. No Golgi negatives arc visible in 
the preparations. 

The intracellular secretion granules are mostly found in the 
most apical portions of the cell. Scattered granules are visible, how- 
ever, in any other portions of the cell. They are considerably smaller 
in volume than formerly. The lighter area round the central grains 
of the secretion granules is very indistinct. Granules occur relatively 
sparsely as compared to the earlier stages. 

The extrusion is hardly noticeable. It is possible, however, to 
discern in some places small drops, or rather secretion fragments, 
which are attached to the outer side of the apical cell wall. It is 
most reasonable to assume that this substance has been discharged 
from the epithelial cells fairly recently. 

The contents of the lumen have become further reduced. It is 
difficult to decide to what extent their composition has been altered. 
It seems as if the secretion in the lumen were almost wholly com- 
posed of an amorphous substance of the same stainability as before. 


c) PREPARATIONS TAKEN GO DAYS AFTER CASTRATION. 

(See plates 7 and 8). 

The interstitial connective tissue. The different glandular ducts 
are separated by a comparatively thicker layer of connective tissue 
than before. The connective tissue of the epithelial lists projecting 
into the lumen has also become thicker and the epithelial lists are 



90 


shorter. Erythrocytes are very rarely observed. The connective tissue 
gives everywhere a very massive impression. 

The epithelium.. Only part of the glandular lumina are preserved. 
These are narrow and greatly reduced also in length. Other 
glandular ducts have been wholly filled up so that they look like 
compact strings made up of epithelial cells clustered together. The 
epithelium as a rule has several layers and frequently lacks a 
sharp line of demarcation towards the connective tissue. The shape 
of the cells may vary within rather wide limits. Usually the cells 
are small and low. As an approximate mean for the cells close to 
the lumen may be mentioned ip for the height and 5« for the 
width. 

The »Kittleisten« are very thin but nevertheless distinct. 

The nucleus. The nuclei lie in the middle of the cell surrounded 
by a very thin layer of plasma. Their shape as a rule adheres to 
the shape of the cell. On an average they are 3^ high and 4,u wide. 
In the preparations they are demarcated by a clear and unbroken 
outline. The number of nucleoli is still the same as formerly. Their 
stainability is poor. The chromatin consists of fairly thick, lumpy 
fragments surrounding comparatively large, light vacuoles. 

The plasma is uniform and stains faintly eosinophilic. In 
osmium-stained preparations the plasma is very light. 

The chondriome is now exti-emely reduced. It stains faintly with 
oxygen-fuchsin. The only visible parts of the chondriome are a few 
scattered granule-resembling mitochondria in the narrow plasma 
belt which surrounds the nucleus. The majority of such mito- 
chondria are found in the neighbourhood of the basal wall of the 
cell. In exceptional cases it is possible to observe isolated mito- 
chondria in the shape of short thin rods. These do not extend in 
any particular direction in the cell to judge from the preparations. 

The Golgi apparatus is completely rudimentary. It consists of 
a small black lump which mostly lies just apical of the nucleus. 
Often it lies lateral of the nucleus, around which it forms an in- 
complete girdle. Neither in the black lumps nor between them is 
it possible to discern any lighter vacuoles. No Golgi negatives are 
visible. 

The intracellular secretion granules are very few in number. 
Most of them are found close to the border of the cell towards the 
lumen but in other parts of the cell isolated secretion granules can 
also be observed in some cases. They are very small and inconsider- 
able. Sometimes it is possible to observe that the are indistinctly 
composed of a darker centre surrounded by a thin, somewhat 
liglitor Q.rG3,. 

The extrusion. In the preparations an extrusion can hardly be 
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observed any longer, if the small quantities of substance which 
may sometimes be observed to adhere to the side of the apical cell 
walls turned towards the lumen, are to be looked upon as recently 
secreted from the cells, a very slight extrusion is present in this 
stage, too. 

The contents of the lumen seem to be veiy scanty. They consist 
of an amorphous substance which is perhaps somewhat thinner 
and more eosinophilic than before. Prostate calculi may still be 
observed. A comparison between the calculi in this stage and in 
normal rabbits shows that the calculi now seem to be as a rule 
smaller in volume. Can this chxumstance be a sign that the calculi 
are actually subjected to a process of disintegration? 

With regard to the material used in these and previous histo- 
physiological studies of the prostate gland it should be pointed out 
that the animals were evidently so young that largo prostate calculi 
have not j’et had time to develop. The number of stones was fairly 
small. It is therefore very probable that the observation to the effect 
that the prostate calculi arc reduced in volume in animals which 
have been castrated over a prolonged period, should rather be looked 
upon as hjyothetical. 


f) PREPARATIONS TAKEN 6 MONTHS AFTER CASTRATION. 

These preparations greatly resemble those taken in the pre- 
ceding stage. The atrophy of the glandular ducts of the prostate 
has further advanced somewhat. The different glandular ducts are 
separated by a thick and compact connective tissue. Close to the 
epithelium, isolated small blood vessels may be observed which con- 
tain a fair abundance of erythrocytes. The epithelium has many 
layers and consists of a muddle of small cubic or flat cells. In many 
glandular ducts the lumen is wholly filled up. Between the cells 
portions of a fairly clear net of »Kittleisten« may be seen. The nuclei 
occupy the largest portion of the cell. Their shape is adapted to 
that of the cell. They behave as in the pi’evious stage. The same 
applies to the plasma. The chondriome is extremely reduced. It con- 
sists of a few isolated, scattered grains in the more basal portions 
of the cell. The Golgi apparatus consists of a wholly osmium- 
blackened small lump which is usually situated just apical of the 
nucleus or sometimes has a somewhat more basal position close 
to the nucleus. The intracellular secretion granules are very few 
in number and small. They are situated in the most apical portions 
of the cell. Judging from the thin, faintly eosinophilic secretion 
which makes up the contents of the lumen, a very slight extrusion 
seems to take place in this stage as well. 
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DISCUSSION. 

1. The interstitial connective tissue which supports the 
prostatic epithelium and surrounds the separate glandular 
ducts appears to be rather compressed when the test animals 
have long been isolated and unmated. Shortly after the 
castration, conditions are the same, but as soon as 10 days 
afterwards the connective tissue may everywhere be seen to 
have become thicker as compared to the rest of the organ. 
The connective tissue seems to be more compact, with a lower 
content of liquid. Close to the epithelium, capillaries contain- 
ing erythrocytes are few in number, but in the small blood 
vessels, at a certain distance from the epithelium, numerous 
red blood cells are found. These changes become still more 
distinct when a longer period has elapsed after the castration. 
The nuclei in the connective tissue close to the epithelium 
become more numerous. If a long time has elapsed after the 
castration, the connective tissue in the atrophied organ is 
comparatively predominant. A similar observation was also 
made by Moore, Price and Gallagher (1930) in rats. According 
to Leydolph (1930), the connective tissue was also increased 
in the neighbourhood of the glandular ducts. The structure 
of the connective tissue is compact and its content of liquid 
is low. Close to the epithelium isolated small blood vessels 
may be seen, containing erythrocytes. 

2. The epithelium. After the castration the glandular ducts 
become shorter and smaller. Epithelial lamellae extending 
across the lumina of the ducts no longer occur. Often the 
glandular ducts are wholly filled up if a long time has elapsed 
after the castration. The epithelium, which under ordinary 
circumstances is single-lined and high-cylindric, is subject to 
a marked change after the castration. Shortly after castration, 
the size of the epithelial cells is greatly reduced. The cellular 
shape becomes increasingly lower so that the cubic or flat 
epithelial cells finally predominate. The basal cells increase 
to a certain extent. In opposition to Schaap (1899), Leydolph 
(1930) refuses to admit the presence of basal cells after 
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castration. At the same time as the single-lined epithelium 
gradually changes into an epithelium of several layers, the 
basement membrane becomes more and more indistinct and 
finally disappears altogether. The borderline between the epi- 
thelium and the subjacent connective tissue becomes increas- 
ingly difficult to observe. According to Griffiths (1895) and 
Macldin and Macldin (1932), the epithelium is subjected to 
a fatty degeneration, the cells are liable to lose contact with 
the basement membrane and land up in the secretion in the 
lumen of the glandular duct. I have made no observation 
showing that the epithelium disappears altogether (Casper 
1897, Athanasoio 1898, Nichans 1936). In these investigations, 
ejected cells dr remnants of cells were only in exceptional 
cases visible in the lumina of the glandular ducts. The atrophy 
of the cell takes place at a comparatively quick rate up to 20 
days after castration; then the cells continue to atrophy at 
a considcrahlj’ slower rate. 6 months after castration the 
epithelium of the glandular ducts is composed of a muddle 
of small flat or cubic cells in man3' laj'ers. Whollj' filled up 
glandular ducts are not infrequent. No reduction in the num- 
ber of glandular ducts has been observed. 

3. The »Kittieisten^ in the prostatic epithelium of the 
isolated and unmated rabbit arc small and distinct. They form 
together a net which is somewhat thicker at the corners. After 
castration the »Kittleistcn« graduallj’ become narrower hut 
are tlie whole time verj' distinct. Athandsow (1897) and Leij- 
dolph (1930) described how the borderlines between the epi- 
thelial cells become diffuse after castration. 

In these experimental stages no observation was made 
showing a division of the s>Kittleisten« similar to the one 
described for secretorilj' more active stages (Gylling 1938, 
1940). 

4. The nucleus. In the normal prostatic epithelium the 
nuclei lie basal of the epithelial cells. According to Petersen 
(1909), the nuclei had also a wholly basal position when the 
test animals had long been kept in isolation. If the supply 
of testicular hormone ceases, the celts decrease to a higher 
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degree than the nuclei, which gradually occupy a more cen- 
tral position. Finally the nucleus occupies the largest portion 
of the cell. 

The shape of the nuclei usually adapts itself to the shape 
of the cell. In the normal, high-cylindric prostatic epithelium, 
the nuclei are usually rather spheric, hut in the flat cells oc- 
curring after castration the nuclei may be drawn out in a 
transversal direction. The volume of the nuclei is only re- 
duced to a comparatively small degree in relation to that of 
the cells. 

The nuclei are always surrounded hy a distinct and un- 
broken nuclear membrane. A discharge of visible nuclear 
constituents into the medium surrounding the nucleus could 
in no case he observed. In all the experimental stages nucleoli 
were visible in the nuclei. They were usually 2 — 3 in each 
nucleus. After a long time of castration they were sometimes 
fairly difficult to observe. Leydolph (1930), as long time after 
the castration as 17 months, noticed nucleoli in the nuclei of 
the prostatic epithelium of the rabbit. Moore, Price and Gal- 
lagher (1930), on the other hand, were unable to find any 
nucleoli in rats after a time of castration of 20 days. These 
workers also noticed distinct degenerative changes in the 
chromatin net of the nuclei, especially after prolonged ca- 
stration. The fine, distinctly circumscribed chromatin frag- 
ments, which together formed a finely meshed network be- 
fore the castration, were quite considerably changed after the 
supply of testicular hormone had ceased. They assumed an 
increasingly lumpy and thick appearance, while the meshes 
in the net became comparatively large and light. Finally the 
chromatin was composed of lumpy fragments which were 
surrounded by comparatively large, light vacuoles. 

No observation could be made indicating that the nucleus 
visibly participated in the cell work. 

5. The plasma. By plasma we here mean the plasma which 
remains if we disregard chondriome, Golgi apparatus and 
secretion granules. Pigment-resembling granules were not ob- 
served in these prostatic epithelia. 
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The plasma which in a normal prostatic epithelium fills 
up the scanty room between the intracellular secretion 
granules, is eosinophilic and has an even, finely granulated 
appearance. After the castration, the cell plasma is strongly 
reduced and finally surrounds the nucleus in a very thin 
layer. The longer the time that has elapsed after the castra- 
tion, the lighter and more uniform is the character of the 
plasma. Lcijdolph (1930) obsen'cd that the plasma in the 
prostatic epithelium of the rabbit was homogeneous and 
stained fairly strongly 17 months after castration. The foamy 
appearance or granulation which characterizes the plasma of 
the prostatic epithelium in the secretorily active stages (GyZ- 
ling 1940) can no longer he observed. Moore, Price and Gal- 
lagher (1930), in the prostatic epithelium of the rat, noticed 
that the plasma, 10 days after castration, had become homo- 
geneous and more lightlj' staining than earlier. 

6. The chondriome. During the course of the present in- 
vestigation an excellent opportunity presented itself for study- 
ing the chondriome during different stages of atrophy. In the 
prostatic epithelium of normal test animals which had long 
been isolated and unmated, it was possible, in some cells, 
to observe small basal accumulations or conglomerations of 
chondriome material of the same appearance as has earlier 
been described {Gijlling 1940). This basal accumulation be- 
comes smaller the longer you leave the animals after castration 
before taking the preparations. 

The mitochondria depart from this accumulation of chon- 
driome, or, if the latter is lacking, from the immediate neigh- 
bourhood of the basal cell wall. The long, slightly tortuous 
mitochondria soon after the castration assume a tendency 
to disintegrate into longer or shorter fragments. Gradually, 
the mitochondria, which become more and more reduced in 
number, are composed of increasingly shorter, thin rods. 
Above the Golgi apparatus no mitochondria were observ'ed 
in these experiments. As soon as 20 days after castration, 
the chondriome is very markedly reduced. The mitochondria 
are composed of some isolated granules, which lie scattered 
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in the plasma around the nucleus, particularly in the region 
of the hasal wall of the cell. When a. more prolonged time has 
elapsed after castration, this place is the only spot in which 
the more and more infrequent mitochondria can be observed. 

The chondriome which in normal cases clearly tends to 
extend in the direction from the hasal wall of the cell towards 
the Golgi zone shortly after castration shows signs of a certain 
disorientation in that the fragmentary mitochondria mutually 
form undulating formations. After a prolonged interval 
following the castration an extension of the chondriome in 
a definite direction within the cell can no longer be observed. 
Weatherford (1933) undoubtedly is right in stating that »the 
chondriosomes are early and sensitive indicators of cellular 
change and injury.« 

The flowing which has been observed in the chondriome 
in secretorily active stages (Gylling 1938, 1940) could not 
be observed in the present experiments. The mitochondria 
seem to be of homogeneous consistency. The stainability of 
the chondriome decreases the longer time that has elapsed 
after castration. This fact might possibly indicate changes in 
the composition of the chondriome. 

Moore, Price and Gallagher (1930) were unable to observe 
distinct changes in the mitochondria in the prostatic epithe- 
lium of the rat after castration. The changes described above, 
however, correspond well with Wahlberg’s (1935) statement 
to the effect that the chondriome is subject to degenerative 
changes before nucleus and plasma in the cell. Okkels (1932) 
also states that the chondriome is very susceptible to cell 
injuries. 

The fact that the mitochondria simply disintegrate into 
smaller and smaller portions is evidently due to the origin 
and nature of this glandular atrophy, in the process of which 
the stainability of the chondriome becomes reduced and partly 
ceases. The more usual form of atrophy mthin the chondriome 
seems to consist in the mitochondria at an early stage dis- 
integrating into lumps of various shapes and melting together 
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into ring-shaped formations {Casti'cn 1923, 1926, Chijdenius 
.1926, 1929, V. Niimers 1932). 

7. The Golgi apparatus. After the influence of the testi- 
cular hormones has been reduced, or altogether ceased, the 
Golgi apparatus passes through a series of typical changes. In 
prostatic epithelium from rabbits which have long been isolated 
and unmated, the Golgi apparatus lies just above the nucleus 
as a net-resemhling formation. Shortly after the castration 
the position of the Golgi apparatus is somewhat more apical 
in the cell. Its A'olume is noticeably reduced during this time. 
With increasing atrophy of the cell, the position of the Golgi 
apparatus becomes again closely apical as related to the 
nucleus. A very long time after castration the Golgi apparatus 
may be found lateral of the nucleus around which it forms 
an incomplete girdle. The displacements of the Golgi apparatus 
seem to he wholly passive, due to the advancing atrophy of 
tlie cell. Moore, Price and Gallagher (1930) also described 
how the volume of the Golgi apparatus became reduced and 
how, finally, it only consisted of some fragments situated to 
one side of the nucleus. 

According to Hirschlcr (1927), two constituents may be 
distinguished between in the Golgi apparatus: an osmiophilic 
apparatus externum and an osmiophobic apparatus internum. 
Before the castration it is possible to observe in the Golgi 
apparatuses of the prostatic epithelium how the osmiophilic 
part, in the form of fine loops, composes a typically net- 
shaped formation. In these osmium-blackened rods, isolated 
light areas are visible. As has earlier been pointed out {Gijlling 
1938, 1940) it is probable that these light drop-like formations 
are intimately connected with the formation of new secretion 
drops in the cell. After the castration these light formations 
become more and more infrequent and can no longer he ob- 
served at all, if the preparations are taken after the influence 
of the testicular hormone has been absent over a prolonged 
period. The light meshes in the net formed by the apparatus 
externum compose the osmiophobic apparatus internum. Be- 
fore castration these meshes are wide; and they may he seen 
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to contain isolated, or several, secretion drops of various sizes, 
having the same appearance as the intracellular secretion 
drops situated more apical in the cell. After castration the 
light meshes become increasingly smaller and it is particularly 
difficult to discern any drops of secretion in them. Finally, 
the apparatus internum wholly disappears and only compact 
osmiophilic fragments may be observed. In this way the Golgi 
apparatus assumes a more and more closed appearance. 

Before the castration it is possible, especially in Altman- 
Kull preparations, to observe typical clear, colourless areas 
in the Golgi zone. These Golgi negatives may sometimes be 
indistinctly discerned shortly after castration, but afterwards 
disappear altogether. This was considered by Moore, Price 
and Gallagher (1930) and by Hansen (1933) to be a very 
typical degenerative change. 

The above shows that the Golgi apparatus becomes simpler 
and more and more reduced in proportion with the reduction 
in the number of secretion granules that surround it. 

8. The intracellular secretion granules. In this section shall 
only be dealt with the granules which lie freely in the cell, as 
an account has been given above of the secretion granules in 
the Golgi apparatus. 

If the test animals have been isolated and unmated over 
a prolonged period we may observe that the apical portions 
of the cells of the prostatic epithelium become for the most 
part filled with grains of secretion. The latter may partly 
surround the sides of the nucleus but they seldom appear 
between the nucleus and the basal cell wall. Petersen (1909), 
with reference to a similar stage in the rabbit, described how 
the plasma was everywhere crammed Awth large, acidophilic 
grains. After the castration the largest portion of the cell is 
occupied by secretion granules but these cannot be observed 
to extend in a definite direction. Gradually the secretion 
granules begin to disappear from all the other parts of the 
cell except close to its apical wall. Finally, only isolated 
secretion granules remain close to the apical wall of the cell. 

Especially in the secretion granules which are situated 
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more basally it is possible, before castration, to observe a 
strongly stained centre, surrounded by a light non-stainable 
area. After castration, the light area gradually becomes more 
and more indistinct at the same time as the secretion drops 
become smaller and their centre more faintly staining. A long 
time after the castration the secretion grains only consist of 
a small, faintly stainahle drop. 

9. The extrusion. The cells of the prostatic epithelium in 
the unmated normal test animal show a uniform, undulatory 
outline towards the lumina of the glandular ducts. To the 
surface of these apical cell walls which is turned towards the 
lumen, a number of unequally large secretion drops are at- 
tached which are e^ddently secreted from the epithelial cells. 
This observations agrees with the assumption made by Stieve 
(1930) to the effect that the epithelial cells in the normal 
prostate are in a constant secretory activity. It seems as if 
this secretion would take place at a fairly slow rate, how- 
ever. Rohlich (1938) could state the same in man. 

After castration the extrusion decreases gradually and is, 
finally, hardly noticeable. The apical wall of the cell is never 
broken by escaping secretion, as was the case in the secretorily 
very active stages which have earlier been described (Gylling 
1940). 

10. The contents of the lumen. Before the castration, the 
lumina of the glandular ducts are fairly well filled with the 
tjTpical prostate secretion. After castration the quantity of 
this secretion becomes gradually reduced. The secretion 
gradually assumes a thinner consistency, as it were. It has a 
faintly eosinophilic character. It seems probable that the pro- 
state calculi become somewhat smaller after prolonged glan- 
dular atrophy. 


SUMMARY. 

1. After castration the connective tissue becomes relatively 
thicker and more compact. Its content of nuclei is increased. 

2. After castration the epithelium is rapidly subjected to 

7 * 
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great changes. The volume of the high-cylindric cells is strong- 
ly reduced and their shape approaches more and more the 
cubic or flat type. The originally single-lined epithelium in 
many places changes into one of several layers. 

3. The »Kittleisten^ are always distinct. After castration 
they become somewhat thinner. 

4. After castration the volume of the nucleus is slightly 
reduced in relation to the reduction in the volume of the cells. 
The stainability of the nucleus decreases and some de- 
generative changes may be observed in its inner structure. 

5. The structure of the plasma becomes increasingly even 
and uniform after castration. It stains lightly eosinophilic. 

6. When the secretory activity of the cell decreases after 
castration, the chondriome is also reduced. Shortly after the 
castration the long undulatory mitochondria disintegrate into 
unequally long, consecutively lined fragments. The mito- 
chondria thus become increasingly shorter and at the same 
time their stainability decreases and their number becomes 
reduced. Finally the chondriome is only composed of a few 
isolated, faintly stained granules. After castration, the mito- 
chondria show signs of disorientation in the cell. 

7. The Golgi apparatus is subjected to changes correspond- 
ing to those occurring in the chondriome. The volume of the 
Golgi apparatus is considerably reduced. Its position, which 
shortly after castration is somewhat more apical, gradually 
approaches the nucleus, or even the side of the nucleus. The 
osmiophilic apparatus externum strongly decreases. The 
osmium-stained fragments become thicker and more compact. 
The osmiophobic apparatus internum finally disappears al- 
together. The secretion drops which, especially before castra- 
tion, frequently occurred both in the apparatus externum and 
in the apparatus internum, after castration are extremely 
difficult to discover, particularly when a prolonged period 
has elapsed after the operation. 

8. The intracellular secretion granules strongly decrease 
in number. Their volume becomes reduced and so does their 
stainability. The light, non-stainable area which m normal 
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cases surrounds the central, strongly stained centre in the 
secretion granules gradually disappears. 

9. In the prostatic epithelium of the unmated normal rahbit 
a slow, even extrusion apparently takes place. A certain ex- 
trusion ewdently also occurs after the castration. The present 
experiments did not throw any light on the mechanism in- 
volved in the passage of the secretion through the apical 
wall of the cell. 

10. After castration the lumina of the glandular ducts 
are filled witli a scantj', amorphous secretion which is faintly 
eosinophilic and which has a distinctly thinner consistency 
than in normal cases. 


CONCLUSIONS. 

I. If no special external circumstances stimulate the pro- 
duction of testicular hormone in the normal test animal, the 
prostatic epithelium is in a state of slow, proceeding secretion. 

II. After the stimulating influence of the testicular hor- 
mone on the prostate gland has ceased, there sets in a com- 
paratively rapid atrophy of this gland, particularly of its 
epithelium. In this process the secretory activity of the pro- 
static epithelium is also reduced to a very high degree. 

III. The experiments show that the very cell constituents 
which were particularly active in stages of secretion, atrophy 
most rapidly when the secretory activity of the prostatic epi- 
thelium decreases in intensity. 

IV. These experiments have offered an excellent oppor- 
tunity for studying different stages of atrophy in a glandular 
epithelium. This atrophy was brought about by cessation of 
a hormonal influence. The method may he looked upon as 
sparing the organ quite considerably; seemingly the atrophy 
takes place in as »physiological« manner as possible. 
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PHAGOCYTOSIS EMPLOYED 
AS A SEROLOGICAL TEST IN BRUCELLOSIS. 

By Mogcns Jersild. 

Received for publication July 12th 1940). 

In Brucellosis an active infection now and then has been 
determined in individuals, giving a negative agglutination 
test with hac. Ah. Bang. On this account it has been the 
constant endeavour to find a sensitive reaction, which could 
be used in connection with the agglutination- and comple- 
mentfixation-test. 

Huddleson®) published a cytophagic reaction which is now 
in wide use in America. This reaction requires the patient’s 
blood to which is added a small quantity of sodium citrate. 
The test must be made within six hours after drawing the 
blood, and during this time the sample must be kept in a 
chilled state in order to preserve the cytophagic property of 
the leucoc 5 'tcs. Equal parts of the blood and of a bacterial 
suspension are mixed together and placed in a waterbath at 
37® C. for half an hour, whereafter spreads are prepared on 
glass slides. After staining it is possible to see to what degree 
the phagocytosis has proceeded. (For technical details, see 
Huddleson-). 

From this reaction Huddleson draws the conclusion that 
the phagocytic power of the leucocj'tes in patients with an 
active, fresh infection (and positive agglutination test) is 
only small, but that it increases as soon as the patient begins 
to recover. He assumes that the immune-opsonins do not 
appear till a. late phase of the disease, and makes use of this 
»ahsence of phagocytic power«, viewed in conjunction with 
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the positive agglutination test and positive skin test, to 
diagnose an active infection. At a later phase of the disease, 
when the phagocytic reaction has become positive. Huddle- 
son considers the patient to be immune. 

It is a recognized fact, that during the course of an in- 
fectious disease, different antibodies do not all develop at 
the same time. For instance, the complement-fixing antibodies 
in Brucella infection sometimes make their appearance at a 
later phase of the disease than the agglutinins, and they 
persist longer (M. Kristensen and P. Holm).^) 

Having regard to what is generally known concerning the 
behawour of the opsonins, it would seem peculiar that in 
Brucellosis the opsonins should occur at a much later point 
of time than both agglutinins and complement-fixing anti- 
bodies. 

In my investigations into the content of immune-opsonin 
in the blood in Brucellosis I have arrived at the conclusion 
that these antibodies occur at a very early phase of the dis- 
ease, most frequently before the agglutinins. That the same 
conclusion cannot be drawn when employing Huddleson’s 
method, however, is solely on account of the technique em- 
ployed; in the following I shall therefore describe the method 
I have used in the cythophagic reaction, whereby it is seen 
that the opsonin content of the blood is high at a very early 
phase of the disease — at any rate always when the agglu- 
tination test is positive. 


Technique. 

Instead of using the patient’s citrated blood and observing the 
phagocytosis in the leucocytes, the author’s method is to use the 
patient’s serum. Phagocytosis proceeds on the addition of citrated 
blood not containing Brucella opsonin, taken from a donor previous- 
ly tested for this and stationed at the Institute, so that the blood 
can be used immediately after being collected. 5 c. c. blood is taken 
from an arm vein by means of a syringe and mixed in a tube with 
0,2 c. c. 20 per cent sodium citrate (CgH 50 -Na 3 -f 5i/2H,0). 

The patient serum heated at 56® C. for half an hour is hans- 
ferred with a capillary pipette to the bottom of a small testtube. 



105 


The quantity used is 0.02 c. c. To this is added 0.1 c. c. bacterial 
suspension of the same density as that used by Huddleson (1 cm. 
by the Gates apparatus). Tlie tube is shaken and placed for half 
an hour in a ^^'ater-bath at 37“ C., whereafter 0.1 c. c. of the afore- 
said non-phagocytic citrated blood is added. The tube is shaken 
again and replaced in the water-bath at 37“ C. In the next half hour, 
when phagocytosis is proceeding, the tube is shaken at least four 
times. With a pasteur pipette a small drop is then placed on one 
end of a clean (non-greasy) slide, whereafter the spread is made 
by means of a plane slide without corners. As the viscocity of this 
mixture is less than that of ordinary ear blood, it is important that 
the glass used spreading is held at right angles to the slide, 
otherwise all the leucocytes collect at one end. 

The slide is air-dried, hardened for two minutes in a concen- 
trated sublimate solution, thoroughly rinsed and then stained with 
aqueous methylen-blue solution, 0.2 %, for ten minutes. It is then 
rinsed again, but not too vigoi-ously in order not to make the stain 
too weak. 

Estimating the cytophagic activity of the leucocytes proceeds 
exactly as described by Huddleson (25 leucocytes are counted, and 
a distinction is made between maximum phagocytosis: the cell con- 
tains over 40 bacteria, moderate phagocytosis: the cell contains 
from 21 to 40 bacteria, slight: 1 to 20 bacteria, negative: 0 bacteria. 
Each reaction is given four numbers; that to the left means the 
number of leucocytes with maximum phagocytosis, the number to 
the right the total of non-phagocytic leucocytes, and those in be- 
tween represent moderate and slight phagocytosis respectively). 

When testing serum that gives a positive agglutination or 
complement-fixation reaction, the aforesaid serum dosis should be 
diminished so that a tube contining 0.02 c. c. of a 1:10 serum dilution 
should be used in addition. This should also be the case when there 
is a positive phagocytic reaction in the highest serum concentration. 

This method presents tlie following advantages: 

1. The hlood specimens can be taken in the usual manner 
without any addition; they can be forwarded, and they need 
not he tested within six hours. 

2. Serum titration provides an inkling of the quantity of 
opsonins, as it appears that there is usually a zone of inhibi- 
tion the effect of which is that where an abundance of op- 
sonins is present the phagocytosis is more active in the diluted 
serum than in concentrated serum. 
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3. The use of heated serum entails the elimination of 
a large number of probably unspecific reactions. 

4. The citrated blood is collected from the donor just prior 
to use, so that the phagocytic leucocytes are in full activity. 

5. Only one control slide with donor’s blood is required 
for an entire series of serum tests, whereas Huddleson advises 
a control without bacteria for each citrated blood specimen 
in order to preclude confusion with bacteria with basophil 
granulae in the leucocytes. 

Some of the author’s experiences with the above cyto- 
phagic reaction are described below. 

Patients suffering from undulant fever always give a posi- 
tive phagocytic reaction when the agglutination or comple- 
ment-fixation test is positive. 

710 specimens from patients with a positive agglutination 
and complement-fixation test all gave a strong positive phago- 
cytic reaction. In most cases the phagocytosis is more marked 
in the 1:10 dilution than in concentrated serum (on account 
of the zone of inhibition). 

Ten examples are given of the sero-reactions of undulant 
fever patients whose disease had lasted for various periods 
(Table 1). 


Table 1. 


No. 

Aggluti- 

nation 

Compie- 

mentfixa- 

tion 

Phagocytosis with scrum from 
the patient 

0,02 c. c. j 0,002 c. c. 


Days from 
beginning 
of fever to 
sororc- 
action 

1 

400 

400 

19 

5 

1 

0 

22 

1 

2 

0 

3 

2 

400 

800 

10 

12 

3 

0 

20 

4 

1 

0 

2 

3 

3200 

400 

21 

4 

0 

0 

20 

2 

3 

0 

8 

4 

1600 

800 

19 

5 

1 

0 

23 

1 

1 

0 

17 

5 

1600 

1600 

14 

11 

0 

0 

20 

5 

0 

0 

10- 

7 

3200 

800 

16 

6 

3 

0 

21 

3 

1 

0 

32 

8 

3200 

800 

16 

6 

3 

0 

21 

3 

1 

0 

32 

8 

400 

400 

18 

6 

1 

0 

19 

6 

0 

0 

43 

9 

800 

3200 

15 

8 

2 

0 

21 

4 

0 

0 

53 

10 

400 

400 

18 

7 

0 

0 

22 

3 

0 

0 

56 
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The following are some examples of how the cytophagic 
reaction carried out with the above technique can reveal the 
presence of an abundance of opsonins, notwithstanding that 
this could not be demonstrated with Huddleson’s technique 
(Table II). 


Table 11. 


Serum c. c. 


0,02 

0,006 

0,002 

0,0006 

0,0002 

0,00006 


Phagocytosis with citratet 
blood (a. m. Huddlcson) 

Agglutination 

Complenientfixation 

Skin test 


Phagocytosis with serum 


Hcallhy person 


Patient with 
Brucellosis 


16 5 4 0 
2 3 9 11 
0 0 9 16 
0 0 1 24 
0 0 0 25 
0 0 0 25 


23 2 0 0 


11 12 2 0 


16 

22 

18 

11 

0 


9 0 0 
3 0 0 

2 5 0 

3 6 5 
0 1 24 


1 15 9 0 


50 


800 


200 


+ + 


It appears that in the blood of patients with undulant 
fever the opsonin content is high and can be demonstrated 
in 0.0002 c. c. serum. The maximum phagocytosis is at 0.002 
c. c., Avheras at higher serum concentration it decreases. With 
Huddleson’s technique, in which the patient’s own blood is 
employed and consequently there is a large quantity of serum 
containing antibodies, the phagocytosis is markedly weak. 

With Huddleson’s technique there was marked phago- 
cytosis in the healthy persdn, hut the reaction disappeared 
almost immediately when the serum was titrated, and at 0.002 
c. c. serum there was only a slight phagocytosis. Nor did this 
patient present any sign of infection, and the allergic skin 
test (with the Brucellergen) was negative. 

When using unheated (native) serum there will always 
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be a fairly large number of weakly positive reactions, even 
in individuals with a negative skin reaction (probably owing 
to the precence of normal-opsonin). These weak reactions are 
eliminated by heating, whereas the specific reaction (owing 
to immune-opsonin) does not weaken, at any rate not greatly 
(see Table III). 


Table III. 


Diagnosis 

Phagocj'tosis w'ith 
serum 0,02 c. c. 

Aggluti- 

nation 

Comple- 

ment- 

fixation 

1 


Native j 

Healed 56® C. j 

Healthj' 

0 0 13 12 

0 0 0 25 




Health3' 

0 7 18 0 

0 1 1 23 

— 

— 

— 

Cancer coli 

7 13 5 0 

3 7 15 0 

25 

25 

++ 

Brucellosis 

10 11 4 0 

10 12 3 0 

800 

400 



Two examples are shown below for the purpose of de- 
monstrating how the author’s cytophagic reaction and Huddle- 
son’s cytophagic reaction, the agglutination and complement- 
fixation test, result in individuals after a skin reaction with 
Huddleson’s Brucellergen*) (see Table IV). 

Table IV show's that: 

Two indiidduals with a negative skin test (Nos. 1 and 2) 
form antibodies after the skin test, but only in one of them 
(No. 2) to any marked degree. It should be observed that, 
as shown in the table, the blood of this individual contained 
a certain hut small quantity of opsonin prior to the skin test. 
On the 14th day the agglutination test was positive 1 : 50, 
and the cytophagic test wdth serum rather strongly positive. 

In No. 3 (who previously had been employed tending cow's) 
the skin test was strongly positive (60 mm). Before the test, 
too, the blood of this individual contained a certain quantity 
of opsonin, but no agglutinin or complement-fixing antibody. 


*) The Brucellergen w'as kindly placed at my disposal by Dr. 
Huddleson. 
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Table IV. 


Days after 
perfo- 
mance of 
skin test 

Phiigocylosis with serum 
from the patient 

0,02 c. c. 1 0,002 c. c. 

Phagocytosis 
with citrated 
blood (a. m. 
Iliiddleson) 

Agglu- 

tination 

Cotnple- 

nient- 

fixation 


No. 1 

skin test negativ 

'e. 







0 

0 

0 

0 

25 

0 

0 

0 

25 

0 

0 

0 

25 

— 

— 

7 

0 

0 

7 

18 

0 

0 

0 

25 

0 

2 

14 

9 

— 

— 

14 

0 

7 ; 

16 

2 

0 

0 

0 

25 

0 

7 

16 

2 

— 

— 

21 

0 

0 

14 

11 

0 

0 

0 

25 

3 

14 

8 

0 

— 

— 

42 

0 

0 

8 

17 

0 

0 

0 

25 

0 

0 

12 

13 

— 

— 

77 

0 

0 

0 

25 

0 

0 

0 

25 

0 

0 

0 

25 

— 

— 


No. 2 

si 

cin test neg 

ati\ 

:e. 







0 

0 

0 

9 

16 

0 

0 

0 

25 

10 

12 

3 

0 

— 

— 

7 

4 

13 

8 

0 

0 

0 

0 

25 

17 

6 

2 

0 

— 

— 

14 

22 

3 

0 

0 

0 

3 

19 

3 

9 

11 

5 

0 

50 

— 

21 

23 

2 

0 

0 

0 

0 

4 

21 

17 

8 

0 

0 

50 

— 

42 

16 

5 

4 

0 

0 

0 

11 

14 

20 

5 

0 

0 

25 

— 

77 

8 

9 

8 

0 

0 

0 

0 

25 

20 

4 

1 

0 

10 

— 

No. c 

1 sk 

in 

test 

strong 

positive. 






0 

11 

8 

6 

0 

0 

0 

0 

25 

20 

5 

0 

0 

— 

— 

7 

18 

7 

0 

0 

0 

0 

0 

25 

21 

4 

0 

0 

50 

— 

14 

21 

4 

0 

0 

22 

3 

0 

0 

16 

7 

2 

0 

400 

200 

21 

18 

7 

0 

0 

21 

4 

0 

0 

15 

8 

2 

0 

400 

400 

42 

14 

9 

2 

0 

21 

4 

0 

0 

7 

15 

3 

0 

800 

100 

77 

11 

12 

2 

0 

20 

3 

2 

0 

22 

3 

0 

0 

400 

100 


On the 14th daj' after the skin test the cytophagic test with 
serum diluted to 1:10 was strongly positive, in addition to 
the agglutination and complement-fixation tests. On the 42nd 
day the agglutination test reached the maximum (1:800). It 
is worth nothing that in Huddleson’s phagocytosis the opsonin 
quantit 3 ^ had apparently decreased, but on observing the 
phagocytosis with the serum this assumption proves to he 
incorrect; in fact, there is so much opsonin that the phago- 
cj'tosis is more marked in the dilution than in concentrated 
serum. 

These examples are merely extracts from a large material 
which as a whole confirms the observations described above. 
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Summary. 

A description is given of a cylophagic test in Brucellosis 
using heated patient serum, bacteria suspension and citrated 
blood without opsonins (from a donor). 

This test shows that serum from patients with undulant 
fever contains immune opsonins at a very early phase of the 
disease. 

The reaction is more sensitive than the agglutination and 
complement-fixation test. It has certain advantages to the 
cytophagic reaction of Huddleson, as the blood does not need 
to be examined closely after collection, besides it reveals an 
inhibition of the phagocytosis, which occurs, when there is 
an especially high opsonin content in the blood. After a skin 
test (with Huddleson’s Brucellergen) there occur immune 
opsonins, most markedly if there is already a small antibody 
content. If the skin test is positive there occurs an abundance 
of antibodies (agglutinins, complement-fixing antibodies and 
immune-opsonins), an expression of the fact that a previously 
infected organism can quickly mobilize its antibodies. 
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AUS DEM PATHOLOGISCHEN INSTITUT DER UNIVERSITAT 
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DR. MED. E. PELKONEN. 


UNTERSUCHUNGEN UBER DAS VORKOMMEN, 
DEN BAU UND DIE PATHOGENESE VON META- 
PLASTISCHEM PLATTENEPITHEL IN DER 
SCHLEIMHAUT DES CORPUS UTERI. 

Von E. Pell!one7T. 

(Eingegangen bei der Redaktion am 20. Juli 1940). 

Einleitimg. 

Die Metaplasiefragc ist schon seit fast einem Jahrhundert 
Gegenstand des Interesses der Pathologen und Kliniker gewe- 
sen. Die Auffassungen iiber die Metaplasie sind jedoch be- 
deutend auseinandergegangen. So haben gewisse Pathologen 
das Vorkommen der Metaplasien als blosse Einbildung be- 
trachtet und mithin ihre Existenz ganz geleugnet. Andere ha- 
ben in ihnen Gewebe gesehen, die durch embryonale Storungen 
Oder aus Missbildungen entstanden sind (Cohnheim) . Einige 
haben ihre Entstehung als ein Einwachsen oder eine Einwan- 
derung von umgebendem Gewebe in eine fremde Umgebung 
erklart, und schliesslich haben einige das Auftreten von orts- 
fremdem Gewebe nur als eine formal e Akkomodation aufge- 
fasst (o. Hansemann). 

Obgleich heute Einigkeit dariiber herrscht, dass es Meta- 
plasien, allerdings in recht engen Grenzen, wirklich gibt, sind 
die Ansichten iiber das Vorkommen von Metaplasien in ver- 
schiedenen Organen, aber namentlich iiber ihre Genese immer 
noch geteilt. 

Was die Entstehung der Metaplasien betrifft, ist jedoch 
immer allgemeiner die friiher herrschende Virchowsche Lehre 
aufgegeben worden, dass die Bildung von heterologem Gewebe 
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durch die Persistenz von Zellen stattfinde. Das Zustandekoni- 
men der Metaplasien wird heute als ein verwckelter biologi- 
scher Vorgang aufgefasst, der wohl am ehesten als eine mit 
mancherlei Umdifferenzierungen gescliehende Regeneration 
betrachtet werden kann. Die metaplastische Umwandlung er- 
folgt dabei durch die Tatigkeit von morphologisch indifferen- 
tem Zeligewebe. 

Die betreffenden Zellen, die also die Eigenschaft besitzen, 
heterologes Epithel zu bilden, sind u. a. nach Ribbert auf onto- 
genetische Anomalien zu beziehen, was vor allem eine Art ver- 
kappter Missbildung bedeuten wurde. Nacb Ansicbt der An- 
banger der indirekten Metaplasie {Lubarsch, Schridde, Borst 
u. a.) findet dagegen in diesen Zellen, den Basalzellen, zuerst 
durch Teilung eine Entdifferenzierung statt, und die so ge- 
bildeten Zellen sind erst dann imstande, fremdes Epithel zu 
bilden. T eutschlaender weist diese indirekte Theorie als nutz- 
lose Hypothese ab und betrachtet die Epithelmetaplasie als 
einen regenerativen, gleichgerichteten, direkt prosoplastischen 
Entwicklungsprozess, bei dem die physiologischen Regenera- 
tionszellen als verhaltnismassig indifferente Gebilde eine aus- 
serordentlich bedeutende Rolle spielen. Saxen, der eine seiner 
Arbeiten dem Studium des metaplastischen Plattenepithels in 
der Schleimbaul der Kieferhohle und in Nasenpolypen genid- 
met hat, kommt zu einem ahniichen Ergebnis wie Teufscli- 
laender. Nach ihm erklart sich die Umwandlung des Flimmer- 
epithels in Flatten epithel in den Nasenpolypen als eine aniso- 
gene Regeneration,. »bei der die Basalzellen des Flimraerepi- 
thels direkt, ohne vorhergehende Riickdifferenzierung zu pro- 
liferieren beginnen und neues, hoher entwickeltes Epithel, mit 
anderen Worten Flatten epithel mit alien fiir dasselbe typi- 
schen Eigenschaften bilden«. Die Entstehung dieses Platten- 
epithels fiihrt Saxin in den Nasenpolypen ausser auf den bak- 
teriell-toxischen auf einen mechanischen Reiz zuruck. 

Ober die Bildung des dann und wann in der Schleimhaut 
des Corpus uteri vorkommenden Plattenepithels ist keine voile 
Einstimmigkeit erzielt worden. Die bei Neugeborenen und 
Kindern auftretende Plattenepithelbildung halt R. Meyer fiir 
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eine kongenitale Anomalie, bei Envachsenen fiir haufig von 
dem Zervikalkanal her eingewandertes oder eingewachsenes 
Epithel. Eine eigentliche Metaplasie konnte Meyer nicht in 
der Korpiisschleimhaut feststellen, dagegen land er aber in 
gewissen von ihm untersuchten Fallen zwischen den basalen 
Zellen des Zylinderepithels liegende plasmaarme Zellen mil 
rimden und gut farbbaren Kernen, die als indifferente Zellen, 
wie im Zervikalkanal, ortsungewdhnlich zu Plattenepithel pro- 
soplasieren und von der Oberflache her unter dem Zylinder- 
epithel in die Driisen fortkriechen. Deelman halt es fur mog- 
lich, dass das oberflachliche Epithel des Korpus aus dem 
Zervix oder der Portio eingewandert sein kann, aber er fiihrt 
Falle an, in denen man sich denken kann, dass auch dieses 
ebenso wie das in den Driisenschlauchen auftretende Epithel 
durch direkte Metaplasie entstanden ist. Oberhaupt stellen die 
in der Korpiisschleimhaut zu konstatierenden Atypien, zu 
denen auch die Plattenepithelformationen gehoren, nach Deel- 
man. einen iiichtigen Teil der Metaplasien dar, sowohl die sog. 
progressive Metaplasie (Prosoplasie) wie auch die regressive 
(anaplastische) Metaplasie. 


Ober das Vorkommen des Plattenepithels in der Schleimhaut 
des Corpus uteri. Allgemeines. 

Sehen wir die Literatur iiber das Vorkommen des Platten- 
epithels in der Schleimhaut des Corpus uteri genauer durch, 
so finden wir, dass der Erscheinung in zahlreichen Veroffent- 
lichungen Beachtung geschenkt worden ist. Als erster hat 
Zeller bereits i. J. 1885 die Frage behandet. Plattenepithel ist 
sowohl als oberflachliche Plattenepitheldecke wie als Plat- 
tenepithelformation in den Drusenschlauchen des Korpus fest- 
gestellt worden. Diese Erscheinungen sehen iiir mit zahlrei- 
chen Namen belegt, wie z. B. »Psoriasis«, »Ichthyosis«, »Leu- 
koplakia uteri«, »Epidermisierung«, »Cholesteatom«, »Epithel- 
metaplasien«, »Plattenepithelkn6tchen«. In dem Schrifttum 
iiber das in der Korpusschleimhaut auftretende Plattenepithel 
ist jedoch nicht immer geniigend zwischen Korpus- und Zer- 
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vixepithel unterscliieden und auch nicht mil hinreichender 
Genauigkeit versucht worden, fiir die Feststellung des ge- 
schichteten Plattenepithels die diesem eigentiimlichen Ele- 
mente zu analysieren. Wenn' man, von diesen Miingeln ab- 
geselien, noch die Moglichkeiten zu Irrtiimern beziiglich des 
Karzinoms bedenkt, so lasst sich auf Grand der einzelnen 
veroffentlichten Falle, von denen die meisten Curettenmaterial 
sind, durchaus nicht immer sicher entscheiden, wann im 
Korpusepithel wirklich geschichtetes Plattenepithel mit den 
fiir dasselbe erforderlichen Eigenschaften vorgelegen hat, 
wann es sich mdglicherweise nur um Zervixepithel oder be- 
ginnendes Karzinom oder z. B. nur um eine Atypie bestimm- 
ter Art (vgl. Deelman) gehandelt hat und wann schliesslich 
bestimmte Atypien, z. B. abgeplattetes Epithel, nicht von ech- 
tem Plattenepithel mit alien zugehorigen strukturellen Be- 
sonderheiten unterschieden worden ist. Es steht jedoch ausser 
Zweifel, dass in ge^vissen Fallen in der Korpusschleimhaut ge- 
schichtetes, 3 a verhorntes Plattenepithel festgestellt worden 
ist. Gber diese Falle hat R. Meyer in seiner umfassenden Un- 
tersuchung gehandelt. 

Plattenepithel im Korpus ist zuerst bei Neugeborenen und 
Kindem angetroffen worden {v. Friedlander, R. Meyer, 
Hengge, Natanson, Bjorkenheim u. a.). Plattenepithelinseln 
sind in der Schleimhaut des kindlichen Korpus nach den Un- 
tersuchungen von Natanson verhaltnismassig haufig, aber eine 
grossere Ausbreitung des Plattenepithels im Gebiet der 
Schleimhaut gehort nach Meyer schon zu den Seltenheiten. 
Dieses Verhalten, wobei es sich also um eine von der Norm 
abweichende Differenzierung des Epithels handelt, betrachtet 
Meyer als eine kongenitale Anomalie. 

Auch bei Erwachsenen hat man das Vorkommen von Plat- 
tenepithel in Form sogenannter Plattenepithelknotchen in 
hyperplastischen Korpusschleimhauten und in Korpuspolypen 
konstatiert. Solcher Falle hat Meyer unter 2000 von ihm un- 
tersuchten Curettenfallen im ganzen elf beobachtet. Deelman 
halt sie fur viel haufiger. Ahnliche Knotchen sind auch von 
anderen Forschern festgestellt worden {Hunziger, Engelhorn, 
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Polano, Sitzenfrey, Aschheim, Ahlstrdm, Schiller u. a.) - Deel- 
man sieht in ilinen am eliesten Metaplasien. Nach Meyers An- 
sicht deutet ihre Neigung, als eine Art polypenahnlicher »Epi- 
thelbaumchen« aufzutreten, einigermassen auf kongenitale 
Anomalien. Einen Zusammenhang der Epithelknotchen mit 
Karzinomen haben Meyer und Deelman nie nacbweisen kon- 
nen. 

In gewissen Fallen war zu konstatieren, dass das in der 
Korpusschleimhaut auftretende Plattenepithel vom Zervikal- 
kanal ber eingewandert oder eingewacbsen war. So sind ein 
von Sitzenfrey und ein von Rosthorn bescbriebener Fall auf- 
zufassen, in denen gescbicbtetes und verborntes Plattenepithel 
im Zervikalkanal und iiberall in der Uterusboble anzutref- 
fen war. 

Gescbicbtetes Plattenepitbel ist ferner bei gewissen Krank- 
beiten vorgekommen. So baben z. B. Wertheim und Menge es 
bei Gonorrboe und Deelman bei Endometritiden nacbgewde- 
sen. Bei alten Individuen konnte Plattenepitbel aucb in Pyo- 
metrafallen festgestellt werden {Zeller, Bondi u. a.). Nacb 
Meyer sind aucb Sarkom, Lues und Tuberkulose als atiolo- 
gische Faktoren angegeben worden. Durcb traumatiscbe Ur- 
sacben ausgeloste regenerative Veranderungen baben mit- 
unter zur Bildung von Plattenepitbel gefiibrt (Werth, Deelman 
u. a.). Und scbliesslicb baben einige Autoren {Moricke, Fran- 
que, Bjorkenheim u. a.) gezeigt, dass bei alten Frauen Platten- 
epitbel vorkommt, das aus starker Differenzierung infolge 
von Inaktivitiit des Epithels erklart worden ist. 


Das Material. 

Als icli die vorliegende Untersuchung in Angriff nalim, deren 
Hauptzweck es war, das mengenmassige Vorkommen des Platten- 
epithels in der Schleimhaut des Corpus uteri zu verfolgen und, so- 
weit moglich, die Genese dieses ortsfremden Epithels aufzukltiren, 
war ich mir der Schwierigkeiten bewusst, die die Beschaffung ge- 
eigneten Materials verursachen 'wiirde. Aus frtiheren Untersuchun- 
gen war namlich liervorgegangen, dass das Auftreten von Platten- 
epithel an fremdem Ort, d. h. an der Stelle von Zylinder- oder Flim- 

8 * 



116 


merepithel, bei Infektionen und vor allem bei cbronischen Infek- 
tionen am haufigsten war. Derartige Falle aus der Universitals- 
Frauenklinik in Helsinki, aus dem mein gesamtes Material stammt, 
zur Untersucliung zusammenzubringen, war nur in verbaltnismas- 
sig beschranktem Masse moglich. Das beruhte darauf, dass in der 
genannten Klinik danach gestrebt worden ist, alle operativen Ein- 
griffe — sowohl Abrasion als Laparotomie — bei entzundlichen 
Krankbeiten sorgfaltig zu vermeiden. Eine andere Scliwierigkeit hat 

wie anderswo — die Unterscheidung der Korpusscbleimhaut im 
Curettenmaterial von den aus dem Zervix oder der Portio herriih- 
renden Gewebsstiicken bereitet. 

Die Einsammlung des Materials babe icb wabrend zwei Jahren 
(1938 — 1939) ausgefiihrt. In dieser Zeit babe icb das ganze in unserer 
Klinik zusammengekommene Korpusscbleimliautmaterial durchge- 
sehen, das’ sowohl die Curettenpi'oben als die bei den Operationen 
aus der Koi’pusschleimhaut entnommenen Proben umfasst. Die Zalil 
der Falle war im ganzen 1000, und von diesen waren tiber drei 
Viertel curettiert. Somit sind alle die Falle naher untersucbt wor- 
den, in denen die Atypie in Form einer an Plattenepithel erinnern- 
den Oder deutlichen Plattenepithelformation auftrat oder walir- 
scheinlich an die Schleimhaut des Korpus grenzte. Soldier Falle hat 
das ganze Material tiber 30 entbalten. 

Meine erste Aufgabe bei der Untersudiung des so analysierten 
Materials war, die Falle zu bestimmen, in denen die Platten- 
epitbelformationen sicber in der Korpussdileimhaut selbst auftra- 
ten und in denen die Bildung dieser Sdileimhautatypien aller 
'Wahrsdieinlidikeit nadi ortlidier Natur war und nicht x. B. vom 
Zervikalkanal oder von der Portio her stattfand. Dies ist meines 
Erachtens moglich geworden durch Beschrankung auf die Falle, in 
denen sich die jeweils feststellbare Plattenepithelformation orga- 
nisch und unstreitig an die sie umgebende deutlich erkennbare 
Korpusscbleimhaut anschloss und ausser derartigen Harden gleich- 
zeitig Epithelgebiete in einem unvollstandigeren Differenzicrungs- 
stadium zu konstatieren waren. Die Unterscheidung der Korpus- 
schleimbaut von der Schleimhaut des Zervix babe icb noch duich 
Muzinfarbung zur Feststellung von Zervixepithel und besonders der 
darin befindlichen Schleimdrusen sichergestellt. Die auf diese ’VVeise 
ausgefiihrte Analyse des Materials, bei der von mehreren Proben 
Serienschnitte angefertigt wurden, hat nur vier die obenerwahnten 
Bedingungen erfiillende Falle ergeben. 

Die Fixiei-ung des zur Untersucliung bestimmten Materials er- 
folgte in 10 % Formalin oder Alkobol. Die Sclileimhautproben war- 
den dann auf gewolinliche Weise in Paraffin eingebettet. Zur all- 
gemeinen Farbung ivurde Delafields Hamato.xylin und zur Nachfar- 
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Lung Eosin und van Giesons Losung benutzt. Bei der Differenzie- 
rung der Exsudatzellen wurde zu der kombinierten May-Griinwald- 
Giemsa-Methode gegriffen. Ftir die Untersuchung des Keratins kam 
zur Anwendung Gram- sowie Indigorot-Farbung, zur Darstellung 
der Plasmafibrillen und der Interzellularbriicken Heidenhains Ei- 
sonalaunhamatoxylin-Farbung und zum Nachweis von elastischen 
Fasern im Bindegewebe Weigerts Elastinfarbung. 

Wic erwiilmt, babe ich mein ganzes Material in der Universitats- 
frauenklinik zu Helsinki gesammelt, aber die Untersuchung selbst 
babe ich sowohl in dieser Klinik als im Pathologiscli-anatomischen 
Institut der Universitat Helsinki ausgefiihrt. Es sei mir gestattet, 
an dieser Stelle Herrn Prof. Arno Saxen nicht nur ftir das Tliema 
meiner Untersuchung, sondern vor allem ftir die Anleitung bei der 
Arbeit und ftir die Mtihwaltung, die die Durclisicht und Prtifung 
der zahlreichen Praparate erfordert hat, meinen besten Dank aus- 
zusprecben. 

Auf Grund der oben beschriebenen Analyse babe ich in 
meinem ganzen 1000 Falle umfassenden Material nur in vier 
Fallen das Vorkommen von Plattenepithelformationen in der 
Schleimhaut des Corpus uteri festgestellt. Im folgenden gebe 
ich die fiber diese Falle erhobenen Befunde vdeder. 

Fall L 

65jalirige Ai’beiterwitwe. J.-Nr. 605/III 1937 und J.-Nr. 160/III 
1938. Auf der Abteilung 4. — 15. 12. 1937 und 23. — 29. 3. 1938. Diagnose: 
Pyometra. 

Menarcbe mit 15 J. Menopause mit 57 J. Die Menses waren regel- 
massig. P. 21 — 28 T.; D. 5 — 6 T. Seit 1899 verbeiratet, 5 Kinder, das 
jungste 20 J. Partus normal. Felilgeburt 1906. Keine Abrasion. Ein 
halbes Jahr vor der Aufnahme in die Klinik begann ein sparlicher 
blutiger Fluss, der in einigen Tagen braun-grtin-gelb wurde und so 
bis zur Ankunft in der Klinik fortdauerte. Der Fluss hat nach der 
Pat. keinen tibleren Gerucli gehabt. Keine Scbmerzen. Kein Fieber. 

Allgemeinzustand bei der Aufnahme gut. Hb 72 (Sahli). SR 9/25 
mm. WR — , Harn = 0. 

Vulva und Vagina senil-atropliiscb. Portio atrophiscli, an der 
Oberflaclie rauh. C. ut. klein in Retroversion, nicht ganz frei be- 
weglich. Die Adnexe sind nicht im einzelnen palpabel, an ilirer Stelle 
keine Resistenz und keine Empfindlicbkeit. Parametrien weich, 
nicht schmerzhaft. 

Abrasion I 7. 12. 1937. Bei der Dilatation reicblich eitriger Fluss. 
Die Wand des C. ut. fuhlt sich glatt an. Man bekommt sparlich 
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Korpussclileimhaut, wovon die unten beschriebene Probe a) ber- 

Nach der Entlassung aus der Klinik hat der blutige und eitrige 
P luss fortgedauert. 

Abrasion II 24. 3. 1938. Bei der Dilatation reichlich eitrigev Fluss. 
Die Wand des C. ut. fiiblt sich glatt an, von ihrer sparlicben 
Schleimhaut stamrat die Probe b), die unten beschrieben ist. 

Mikroskopischer Befund: Abrasion 1, Probe a). Korpusschleim- 
bant verhaltnismassig diinn, im Stroma durchgehend eine ausser- 
ordentlich Starke Entziindungszelleninfiltration, in der die Leuko- 
zyten dominieren, die aber auch reichlich Lymphozyten sowie 
Plasmazellen enthalt. Die Stromazellen sind spindelformig und 
ziemlich sparlich. Drusenschlauclie massig reichlich. Schlauche 
. klein, ihr Epithel von zylinderformigen und kubisclien Zellen ge- 
bildet, im allgemeinen normal. An einigen Stellen sieht man jedoch 
Drusenschlauclie, deren Epithel aus mehreren Schichten von kubi- 
schen Zellen besteht. An gewissen Stellen hat das Epithel der 
Schlauche das Aussehen von Obergangsepithel angenommen, dessen 
Zellen bedeutend grosser als die in der Probe auftretenden norma- 
len Epithelzellen, an einzelnen Stellen sogar 5—6 mal so gross sind 
und wechselnd Mngliche, kubische, polygonale und andere Form 
zeigen. Diese Zellen sind im allgemeinen plasraareich. Die kleine- 
ren und am meisten an die gewolmlichen Epithelzellen der Schlau- 
che erinnei'nden Zellen liegen meistens basal und haben grosse und 
relativ gut favbbare Ivei-ne. Die Kerne der grbsseren, oft naher bei 
dem Zentrum des Schlauches liegenden Zellen sind gross, aber im 
allgemeinen schwacher farbbar, an gewissen Stellen pj'knotisch, 
und es sind sogar nicht in alien Zellen Kerne zu konstatieren. Einige 
von diesen Zellen sind vakuolisiert, ja in gewissen umfassen die 
Vakuolen beinahe die ganze Zelle (Abb. 1). Die Interzellularraume 
sind schmal, und Interzellularbriicken sind an gewissen Stellen, 
wiewohl schwach ausgebildet, festzustellen. Im Deckepitliel ist 
keine Umwandlung der vorstehend beschriebenen Art in der Probe 
zu sehen, sondern es macht den Eindruck eines ziemlich regelmas- 
sig einreihigen, von kubisclien Zellen gebildeten Epithels, auf des- 
sen Aussenflache ein zusammenUangender verbindender Saum zu 
boiTiGrkGri ist* 

Abrasion II, Probe b). Schleimhaut des Korpus verhaltnismassig 
diinn. Stromazellen spindelformig, wenig zahlreich und wegen der 
ausserordentlich reichlichen Entzundungszellen schwacher sichtbar. 
Von den Entzundungszellen sind die Leukozyten am starksten le- 
prasentiert, aber auch Lymphozyten und Plasmazellen sind iiberall 
zahlreich zu konstatieren. Die Drusenschlauclie sind im allgemeinen 
massig klein und an Zahl gering sowie an manchen Stellen normal 
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und mit eineni einreihigen kubischen Epithel versehen. Hier und 
da findet man jedoch im Epithel der Schlauche ebenso wie an eini- 
gen Stellen im Deckepithel eine an tlbergangsepithel erinnernde 
Umwandlung (Abb. 2) von der Art, wie sie in der vorhergehenden 
Probe beschriebon wurdc. Anderswo ist eine Umwandlung nur in 
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Abbildung i. 

Friihes Differenzierungsstadium. a) Grosse Epitbelzellen eines Drii- 
senscblauches, die an Gbergangsepitliel erinnern, b) vakuolisierte 
Epitbelzellen, in denen die Kerne teils pyknotisch, teils ganz ver- 
scliwunden sind, c) Entzundungszellen. 

einem Teil der Drusenschlauchwand feslzustcllen. Das basale Zel- 
lengewebe ist in diesen alterierten Partien meist kubisch. Es wird 
von dem Stromagewobe an manchen Stellen durch eine an eine Mem- 
brana propria erinnernde Scbicht getrennt, meist aber scbliesst es 
sicli unmittelbar an das Stroma an. Diese basalen Zellen treten bald 
einreihig, bald mehrreihig oder bisweilen vollig unz’egelmassig an- 
einandergefugt auf. Hire Kerne sind im allgemeinen gross und gut 
farbbar. Die diese basalen Zellen bedeckenden Zellen sind grosser 
und von Form starker wechselnd, die polygonale und langzylindri- 
scbe Form ist bei ilmen jedoch am haufigsten. Die Kerne sind 
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scliwacher farbbar, und die Kernalterationen werden im • 

nen haufiger, je mehr man sicli von der basalPn cS • w f 
Die Interzellularraume variieren in beLg auf dip Tr? “ ' 

Chen Stellen Bind En.ztadungBzehe” to “fc etogeLnrnX” iZ' 
zeUnlarbracken smtl slellemveisc sclnvacli. aber schon dcntlich zu 



Abbildung 2. 

Differenzierungsstadien vei'schiedenen Grades, a) FriiJje, an Vber- 
gangsepithel erinnernde Entwicklungsstufe, b) weiter diiferenziertes 
Epitbel, das scbon den Ban von Plattenepitbel mit Basal- und 
Stachelzellen und Interzellularbriicken zeigt, c) Entziindungszellen. 


erkennen. Hier und da kommen die oben bescbi’iebenon basalen 
Zellen gar nicht vor, sondem diese grosseren polygonalen Zellen 
grenzen unroittelbar in Form eines ein- Oder mehrscbiclitigen Ge- 
webes an das Stroma. 

An einigen Stellen ist die Differenzierung des Epithels weiter 
fortgescbritten. So bemerken wir in der Probe gewissc Partien, wo 
das Epitbel schon ziemlich vollstandig den Bau von geschichtetem 
Plattenepitbel zeigt (Abb. 2 und 3). Diese Epitbelformation hebt 
sich an einigen Stellen von dem Stromagewebe mittels eines dicb- 
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teren, einer iMembrana propria alinlichen Gewebes ab, das jedoch 
nieistens ganr, felilt. Das Basalzellengewebe ist an wenigen Stellen 
normal, von bipolaren oder.kubischen und senkrecht zu ihrer Un- 
terlage orientierton Zellen gebildet. Moistens besteht es aus in meb- 
reren Reihen odor vollig unregelmassig liegenden polymorphen, 
polygonalen odor langzjdindrischen Zellen. Stellemveise mrd das 
basale Zellgewebe ganzlicli vermisst, und an das Stromagewebe 
grenzt unmittelbar eine Staclielzellenschicht. Die Dicke dieser letz- 
teren scliwankt erheblicb, zwischen 2 und 10 Zellreihen. Die am ba- 
salsten liegenden Stacbelzellen sind an den moisten Stellen bipolar, 
die folgenden gewolmlicber polygonal und die der Oberflacbe am 
nacbsten liegenden abgeplattet. Die Form der Stacbelzellen kann 
indessen stark wechseln, und zwar aucb bei den in ein und der- 
selben Scbicbt liegenden, ebenso erscheinen die Scbicbten aucb oft 
ganz regellos. Die Kerne der basal liegenden Zellen sind gut fiirb- 
bar, dagegen fiirben sicb die Kerne der mebr in der Mitte und vor 
allem der oberflacblicber liegenden Zellen scblecbter; leicbter Oder 
starker alterierte Kerne finden sicb aucb in den letzte’rwabnten 
Scbicbten zablreicb. 

Die Interzellularraume in dem basaler liegenden Zellgewebe sind 
verhaltnismassig .breit und entbalten zablreicbe Exsudatzellen. Die 
intercellularen Fibrillen treten in dem basal gelegenen Zellgewebe 
deutlicb, oft mit Bizzoi'zeroscben Knoten verseben bervor, werden 
aber undeutlicber in dem oberflacblicber liegenden Stacbelzellen- 
gewebe, in dem aucb die Interzellularraume scbon schmaler und die 
Kerne starker alteriert sind. Audi die Plasmafibrillen sind in den 
basalen Scbicbten am besten zu sehen. Wo das Basalzellengewebe 
am regelmassigsten ist, verlaufen die Fibrillen in der Langsricb- 
tung der Zellen, im Stacbelzellengewebe sind sie teilweise tangential 
zur Oberflacbe angeordnet, treten aber docb meist vollig regellos 
auf, wie es der regellose Bau des Zellgewebes voraussetzt. 

Eine Keratobyalinscbicbt und ein Stratum lucidum feblen in 
den bescbriebenen Epitbelformationen. Die obersten Zellscbicbten 
sind nur von abgeplatteten Zellen gebildet, deren Kerne scblecbter 
filrbbar, stellenweise nur als Kemscbatten sicbtbar Oder ganz ver- 
schwunden sind. Eine deutlicbe Verbornung ist nicbt zu konsta- 
tieren. 

In Probe b) kann man das Verhaltnis des Drusenepitbels zu der 
Plattenepitbelformation verfolgen. An gewissen Stellen bemerkt 
man Obergangspartien, in denen ein ziemlich normales Epitbel und 
ein scbon in Ubergangsepitbel umgewandeltes Epitbel sicb vereini- 
gen Oder zu Plattenepitbel werden. Von den Plattenepitbelinseln um- 
fasst eine wabrscbeinlicb Deckepithel. Die mancberlei in dem Curet- 
tenmaterial wirksamen mecbaniscben Faktoren erscbweren na- 
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Abbildung 3. 

Differenzierungsstadien verschiedenen Grades, a) Fruhere Entwick- 
lungsstufe, b) weiter differenziertes Epitliel, das schon primitives 
Plattenepitliel mit unregelmassigen Basal- und Stachelzellen und 
schwach ausgebildeten Interzellularbriicken vertritt, c) eine Epithel- 
zellenreihe, in der die regressiven Veranderungen der Zellen zuneh- 
men, wahrend sich die Reihe an differenziertes Epithel anschliesst. 


usw. erkennen. Diese Epithelkette verschmilzt, wahrend die Zellen 
sich allmahlich vermehren und den Basalzellen in der nebenanlie- 
genden Plattenepithelformation ahnlich werden, mit dem von den 
Basal- und Stachelzellen gebildeten Plattenepitliel. In der linkcn 
Halfte derselben Abbildung sehen wir der erwiilinten Plattenepithel- 
insel wahrscheinlich nur angelagert eine andere Plattenepithelfor- 
mation. Deren sich verschmalernder unterer Teil mit einigen los- 
gerissenen Zellen vertritt ein weniger differenziertes Epithel, tlbcr- 
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gangsepithel, clessen Vorkommen in dieser Probe friiher beschrieben 
worden ist. In Abbildung 2 finden wir links eine differenzierte Plat- 
tenepithelinsel (die Fortsetzung der in Abbildung 3 auftretenden 
Insel rechts) sowie rechts ein weniger differenziertes Obergangs- 
epithel. Obgleicli die erwahnten, in verschiedenem Grade differen- 
zierten Epithelzellengewebe einander nicbt unmittelbar fortsetzen, 
stehen sie docli nur durch ein relativ schmales, von Exsudatzellen 
erfiilltes und nach unten schmaler werdendes Stroma in unmittel- 
barer Verbindung miteinander. In den Ubergangspartien beobach- 
ten wir eine Proliferation von Epithelzellen und eine Vereinigung 
dieser proliferierten Epithelzellen mit einem von Basalzellen Oder 
unfertigen polygonalen Staclielzellen gebildeten Gewebe. In den 
letzterwalinten Zellen sowie in dem basalen Zellgewebe des bereits 
differenzierten Plattenepitliels sind, wiewohl nicbt sehr zahlreicli, 
auch Mitosen festzustellen. Das an manclien Stellen in der Probe b) 
auftretende tJbergangsepitliel ist mithin als eine unvollstandiger 
differenzierte Zwischenstufe des Plattenepitliels zu betrachten, was 
aucli bei der Untersucliung des ganzen Praparates sehr deutlich 
ersichtlich wird. Es ist offenbar, dass auf dieselbe Weise das schon 
in der Probe a) vorhandene Obergangsepithel als eine Obergangs- 
•stufe zu Plattenepithel aufzufassen ist, das jedoch in dieser Probe 
nicht nachzuweisen ivar. 


Fall 3. 

Gljalirige Arbeiterfi’au. J.-Nr. 46/III 1938. Auf der Abteilung 
7. 1. — 5. 7. 1938. Diagnose; Pyometra. 

Menarche mit IS J. Menopause mit 57 J. Die Menses waren regel- 
mtissig. P. 28 T.; D. 7 T. Seit 1901 verheiratet, 11 Kinder, das jungste 
20 J. Partus normal. Keine Aborte und keine Abrasionen. — Im 
April 1937 begann ein braunlicher Fluss, der vom September an 
•deutlich blutig und stinkend wurde. Ein Jahr lang Schmerzen im 
Kreuz, welche nachliessen, als der Fluss reichlicher geworden war. 

Allgemeinzustand bei der Aufnahme massig gut. Hb 79 (Sahli), 
SR 17/35 mm. WR — , Harn = 0. 

Vulva und Vagina senil-atrophisch, Portio ganz atrophisch. Eitri- 
ger Fluss aus dem Uterus. C. ut. von gewdhnlicher Grosse, weich, 
in Anteversio-Flexio, frei beweglich, nicht schmerzhaft. Die Adnexe 
sind nicht zu palpieren und nicht empfindlich. Parametrien weich, 
nicht schmerzhaft. 

Abrasion 8. 1. 1938. Wand des C. ut. glatt. Mit dem stinkenden 
Eiter bekommt man sparlich Korpusschleimhaut, woven die unten 
beschriebene Probe. 

Mikrosko 2 }isclier Befund: Korpusschleimhaut diinn, Stromazel- 
lengewebe spindelformig, zellendicht. Stroma durchgehend von zahl- 
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Abbildimg 4. 

Plattenepitlielinsel. a) Basalzellen, b) Stacbelzellen mit Interzellular- 
briicken, c) ziemlich regelraassiger Drusenschlauch der ScWeimhaut. 


Gewebe. Hier und da wcist das Epithel jedoch eine Atypie auf: die 
Zellen sind gross und liegen in melireren Schichten, oft ganz regel- 
los. Eigentliches tlbergangsepithel ist nicht deutlich festzustellen. 
In der Probe siebt man zahlreiche Plattenepithelinseln, und das sie 
umgebende Bindegewebe enthalt deutlicbe kleine Driisenschlauche 
mit den Eigenschaften der Korpusschleimhaut (Abb. 4). Diese Plat- 
tenepithelinseln gehen von dem Epithel der Driisenschlauche aus 
Oder erscheinen als Deckepithel. Die meisten sind von derselben Art 
wie in Fall 1. Nach dem Bindegewebe bin werden sie von einem 
an eine Membrana propria erinnemden Gewebe begrenzt, aber 
Bindegewebspapillen sind nicht zu konstatieren. Die Anordnung der 
Basalzellen und Stacbelzellen ist meist regellos, eine Keratohyalin- 
schicht und ein Stratum lucidum Jehlen, die Farhbarkeit der Kerne 
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nimmt weiter von cler Basalschicht entfernt ab, im gleiclien Ver- 
lisiltnis warden die Plasmafibrillen und die interzellularen Fibrillen 
diinner und undeutliclier. An gewissen Stellen ist die Epidermisie- 
rung weiter fortgeschritten. In Abbildung 5, die eine in Verbindung 
mit Drusen entwickelte, von Bindegewebe umgebene Epitbelinsel 



a 


Abbildung S. 

Plattenepitlielinsel. a) Basalzellen, b) Stachelzellen mit Interzellular- 
briicken, c) keratoliyaline Schicbt. 

darstellt, linden wir schon eine scliwacb hervortretende Keratini- 
sierung sowie eine beginnende Papillenbildung. In der das Deck- 
epitliel veranschaulichenden Abbildung 6 ist die Epidermisierung 
schon ziemlich vollstandig. Da konstatieren wir bereits eine Bildung 
deutlicher Papillen. Das Basalzellengewebe ist von langlichen, re- 
gelmiissigen, senkrecht zur Unterlage orientierten Zellen gebildet, 
die Stachelzellen sind in den tieferen Schichten polygonal, in den 
oberflachlicheren langzylindrisch, stellenweise breit spindelfdrmig 
und in 4 — 10 Zellreihen angeordnet. Die Keratohyalinschicht tritt 
deutlich, 2 — 3 Zellreihen dick hervor und ist von einer deutlich lest- 
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Abbildung 6. 

Ziemlich vollstandig differenzierte Plaltenepitlielinsel. a) Stachel- 
zellen mit Interzellularbriicken, b) keratobyaline Schicht rait Ver- 
hoinung', c) vollstandig ausgebildete Bindegewebspapille. 
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stellLaren Hornschiclit bedeckt. Die Kerne sind in den melir basal lie- 
genden Zellreihen gut farbbar, in den mittleren und besonders in 
den oberflachlichen scliwacher farbbar, ja stellenweise fehlen sie 
ganz. In den oberflachlichen Zellen ist auch hier und da eine Va- 
kuolisation zu bemerken. Die Plasma- und die interzellularen- Fi- 
bi’illen (Abb. 6 und 7) treten in den basalen Zellen ausserordentlich 
deutlich hervor, wobei sie nach der Oberflache hin dunner und un- 
deutlicher warden. Die Interzellularraume sind verhaltnismassig 
breit, und man findet, dass zwischen sie sowie auch in die kerato- 
hyaline Schicht Exsudatzellen eindringen. Mitosen wurden nicht in 
den Praparaten nachgewiesen. 


Fall 3. 

37jahrige Kaufmannsfrau. J.-Nr. 737/1 1938. Auf der Abteilung 
7. — 12. 11. 1938. Diagnose: Metropathia. 

Menarche mit 15 J. iNIenses friiher regelmassig, reichlich, schmerz- 
los. P. 28 T.; D. 3 — 4 T. Letzte regelmassige Menses 19. 6. 1938. An- 
haltender Gwochiger Fluss begann am 17. 7. 1938. Derselbe war 
zeitweise ausserordentlich reichlich, mitunter sparlicher, ja einige 
Tage fast verschwunden. Nach 8 — lOtagiger Pause fing ein ahn- 
licher, 3 Wochen dauernder Fluss an, der sich nach einer lOtiigigen 
Pause bis zum 28. 10, 1938 fortsetzte. Vom Juli an Schmerzen im 
Unterleib, besonders links. Wiihrend des Augusts und Septembers 
einigemal Fieber bis 39“, das einige Tage dauerte. Verheiratet 1920 — 
27 und seit 1936. Keine Partus, keine Aborte und keine Abrasionen. 
Friiher gesund. 

Allgemeinzustand bei der Aufnahme in die Klinik massig gut, 
Hb 66 (Sahli), SR 9/23 mm, WR — . Im Harn reichlich Kolibazillen 
und Leukozyten sowie Epithelzellen. Unbedeutende Druckempfind- 
lichkeit in der Mitte des Unterleibs. 

Vulva gewohnlich. Vagina eng; Portio virginell, C. ut. ziemlich 
klein, fest in Anteversio-Flexio, retroponiert, etwas nach hinten 
fixiert. Linke Adnexe von normaler Grosse, nicht empfindlich. Rech- 
te Adnexe nicht genau zu palpieren, an ihrer Stelle keine Resistenz 
und keine Empfindlichkeit. 

Abrasion 8. 11. 1938. Wand des C. ut. glatt. Man bekommt ziem- 
lich sparlich grauliche Schleimhaut, von der das unten beschriebene 
mikroskopische Praparat stammt. 

Mikroskopischer Befund: Korpusschleimhaut in Proliferation be- 
griffen, verhaltnismassig dick. Stroma zellenreich und von massig 
zahlreichen Exsudatzellen, Lymphozyten und Plasmazellen, aber 
teilweise auch Leukozyten infiltriert. Die Driisenschlauche sind von 
mittlerer Weite und relativ reichlich vorhanden. Reichlich Invagi- 
nationen. Schlauchepithel ziemlich normal, zellenreich. An einigen 
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Stellen verhaltnismassig wenig ausgebildetes ObergangsenithPl 
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Abbildung 8. 

Plattenepithelinsel. a) Beginnende Verhornung, b) Staclielzellen- 
schicbt, c) beginnende Papillenbildung. 


Interzellularraume unregelmassig, im allgemeinen gross, in den- 
selben und besonders in den oberflachlicheren Teilen x’eichlicb Ex- 
sudatzellen. Ebenso ist das Exsudatzellengewebe in der Umgebung 
dieser alterierten Epitlielinseln reichlicher. Interzellularbriicken 
sind nicht deutlicb festzustellen, ebensowenig Plasm afibrillen. In 
den Proben beobachtet man nur einige Plattenepithelinseln im 
Bindegewebe (Abb. 8). Der Ban derselben erinnert an den der Herde 
im vovbergelienden Fall. Eine beginnende Bildung von Papillen ist 
scbon zu konstatieren. Die Basalzellenreihen sind regellos, mitunter 
felilen sie ganz. In 'der Stachelzellenscliicht, die von 3 — 6 regellosen 
Zellreihen gebildet wird, findet man sowohl inter- als intrazellulare 
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Fibrillen. Im Zentrum der Inseln tidtt schon eine deutlich erkenn- 
bare Verhornung auf. 


Fall 4. 

25jahrige Dienstmagd. J.-Nr. 608/1 1938 und J.-Nr. 104/1 1939. 
Auf der Abteilung 16. 9. — 21. 12. 1938 und 31. 1.— 13. 2. 1939. Diagnose: 
Salpingo-oophoritis bil. chr. Hypertropliia et metaplasia mucosae 
uteri. Pyelitis. 

Menarclie mit 16 J. Menses friiher regelmiissig. P. 21 T.; D. 4 T. 
Fluss ziemlicli sparlich, Schmerzen unbedeutend. Wahrend der zwei 
letzten Jahre Menses unregelmassig, dann und wann 2 — 3 Monate 
aussetzend. Fluss weiterliin ziemlicb sparlich, Dauer 2 — 6 Tage, 
dabei 1 — 2tagige Pausen. Letzte Menses am 8. — 9. 9. 1938. Keine 
Kinder, keine Aborte und keine Curettagen. Friiher gesund. Vor % 
JTalire 5 Tage lang Fieberperioden bis 39° (Pyelitis?). Bei den zwei 
letzten Menstruationen wahrend ein paar Tagen unbedeutende Tem- 
peratursteigerung. Wahrend 2 Jahren dann und wann leichte 
Schmerzen im Unjerleih. 

Allgemeinzustand bei der Aufnahme gut, Hb 70 (Sahli). SR 22/47 
mm, Gonoreaktion (Kristensen) — , WR — , Gesamtumsatz 6 %, im 
Haim reichlich Staphylokokken und sparlich Erythro- und Leuko- 
zyten sowie Epithelzellen. Wahrend der vier ersten Tage unbedeu- 
tende Temperatursteigerung bis 37,6° (Neosalvarsan). 

Vulva und Vagina hypoplastisch. Portio virginell. C. ut. klein, 
daumenspitzengross in Anteversio-Flexio, Zervikalteil nach hinten 
gezogen. Fundus frei beweglich. Beide Ovarien klein, fest, fixiert, 
massig empfindlich. 

Wahrend des Anstaltsaufenthalts 18. 9. — 22. 11. 1939 sparlicher, 
ununterbrochener, mit Pausen von nur einigen Tagen auftretender 
blutiger Fluss aus dem Uterus. Abrasion I 22. 11. 1939. Wand des 
C. ut. glatt, man bekommt von der Korpuswand ziemlich reichlich 
dicke Schleimhaut. Auf das aus dieser hergestellte mikroskopische 
Praparat bezieht sich die untenstehende Beschreibung der Probe a). 

Hiernach horte der Fluss auf, folgende Menstruation am 21. — 24. 
1. 1939 sparlich und schmerzlos. Abrasion II 8. 2. 1939. Man bekommt 
reichlich dicke Korpusschleimhaut, Probe b). ' 

Mikroskopischcr Befund: Abrasion I, Probe a). Die Schleimhaut 
befindet sich in der beginnenden Sekretionsphase und ist uberall 
dick, das Stromazellengewebe ist verhaltnismassig dicht und von 
langlichen, spindelformigen Zellen gebildet. Eine Entzundungszel- 
leninfiltration ist uberall, an gewissen Stellen sogar massig reich- 
lich zu konstatieren und sie besteht im allgemeinen aus Lympho- 
zyten und Plasmazellen, aber in den Drusenschlauchen und iiber- 
haupt an Stellen, wo die Epithelveranderungen am weitesten ent- 

Acta path. Vol. XVIII, I ® ' 
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Abbildung 9. 

Gbersichtsbild einer Scbleimhaut, in deren samtlichen Drusen- 
schlauchen verandertes Epithel festeustellen ist. a) In verscbiedenem 
Grade differenziertes Epithel, b) in Nekrose tibergegangenes Epithel, 
c) ziemlich wohlerhaltenes Epithel eines Driisenschlanchs, 
d) Deckepithel. 


Schlanclie sich regelmassig, mit normalen Epithelzellenreihen er- 
halten, meist findet man namlich in einem betrachtlichen Teil von 
ihnen, hiex’ und da in ziemlich alien Driisenschlauchen, Verander un- 
gen verschiedenen Umfangs im Ban des Epithels (Abb, 9). Stellen- 
weise bemei'ken ivir, dass die Verandez'ungen nnr einen kleinen Teil 
der Sclileimhaut einer Druse umlassen, wahrend der gi-osste Teil 
ziemlich normal geblieben ist, an anderen Stellen ist das Epithel 
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des ganzen Driisensclilauches, ja das Epitlielgewebe melirerer sich 
aneinander anscliliessender Sclilaiiclie alteriei't. Das Deckepithel ist 
im allgemeinen normal erhalten, hier mid da stellen wir jedoch 
aucli in ihm eine Umivandlung fest. 

In der Umwandlung des Driisenschlauchepitliels beobachten wir 



Abhildung 10. 

Differenzierung des Drusensclilauchepitliels. a) Ziemlich wolilerhal- 
tenes Epithel eines Schlaucbes, b) Proliferation von Epitlielzellen, 
c) primitive Stachelzellen, d) beginnende kornige 
Keratobyalinisierung. 

verschiedene Entwicklungsstadien. Als erstes finden ivir eine bedeu- 
tende Proliferation der Epithelzellen (Abb. 10). Anfangs behalten 
diese proliferierten Epitlielzellen die dem Zylinderepithel eigentiim- 
licbe Form bei, aber verbiiltnismassig bald, oft schon nacli der Bil- 
dung einiger Zellreilien, werden die Zellen grosser, polygonal, den 
Basalzellen almlich, walirend die Kerne docb noch ilire Grosse, 
Form und Farbbarkeit bewahren. Interzellularbriicken sind in den 
verhaltnismassig breiten Interzellulari'aumen auch schon an man- 
chen Stellen, wiewolil schwacli, zu erkennen. Hier und da schliesst 
sich dieses Zellgewebe an Epithel an, in dem die Differenzierung 
weiter fortgeschritten ist. Die Zellen werden alsdann rundlich Oder 
langlich, den Stachelzellen almlich, aber die Interzellularraume und 
-briicken werden immer undeutlicher und sind nur spilrlich zu fin- 

9 * 
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Abbildiing ii. 

Differenzierung -von Driisenschlauchepithel. a) Proliferation von 
Epitlielzelien, b) Umwandlungsstelle, c) primitive Stachelzellen, 
d) nekrotisierte Zellen. 


der Mitte eines Drusenschlauches liegenden, behalten meist ihren 
Kern, wandeln sich aber in der Weise um, dass das ganze Plasma 
feinkornig wird, was durch Gram- und besonders durcb Kongorot- 
Farbung als eine beginnende Keratinisierung festgestellt wird (Abb. 
10). In anderen der Zellen finden wir dagegen immer deutlicber 
bervortretende regressive Veranderungen: Plasma- und Kernvakuo- 
lisierung, Kernpyknose, Karyorhexis usw. Die Kerne sind schliess- 
licli nur als diinne Schatten zu erkennen, bis sie ganzlich verschwin- 
den. Mancbe Zellen u'erden nekrotisch und verscbmelzen zu einer 
zusammenliangenden amorpben Masse (Abb. 9, 11). Derartige Ver- 
anderungen konstatieren wir im allgemeinen am meisten in der 
Mitte des alterierten Zellgewebes, die z. B. bei der Umwandlung des 
Epithels eines ganzen Drusenschlauches zugleich der Mitte des gan- 
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zen Sclilauches entspriclit. Die weitgeliender umgewandelten Epi- 
tlielpartien sind meist von ilirer Unterlage, dem Bindegewebe, ab- 
gelost; im Zusammenbang mit den Epitlielnekrosen ist eine solche 
Abldsung die Regel. 

Die Yorstebend beschriebenen Zelltypen und Differenzierungssta- 



Abbildiing 12. 

Dbersicbtsbild der Differenzierung von Deckepithel. a) Deckepithel, 
b) Umwandlungsstelle, c) umgewandeltes Epitbel, d) keratoliyaline 
Scbiclit mit Hornbildung, e) umgewandeltes Drusenschlauchepithel. 


dien treffen wir durchaus niclit in alien Driisenscblauchen an, son- 
dem das Bild ist ausserst bunt und umfasst alle mogliclien Uber- 
gangsformen von kaum erkennbaren Epitbelveranderungen bis zu 
Verhornungen Oder Nekrosen, die den ganzen Driisenscblaucb um- 
fassen (Abb. 9). Schon im Epitbel der Driisenscblaucbe treten, bevor 
es sicb an umgewandeltes Epitbel anscbliesst, otters bedeutende 
Veranderungen auf. Die Anordnung der Zellen ist gestort, die ba- 
salen Zellen liegen wie gewobnlicb senkrecbt zu Hirer Unterlage, 
aber die sie bedeckenden Zellen haben scbon eine schrage oder 
quere Ricbtung zu den ersteren eingenommen. In den Zellen, be- 
sonders den oberflacblicben, bemerken wir oft gleicbzeitige deut- 
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9. 10 „„a 11). An der Obergangaatelle 

a. 



Abbildung i3. 

Differenziorung von Deckepithel und Driisenschlaucliepithel. 
a) Deckepithel, h) umgewandeltes Deckepithel mit primitiven 
Stachelzellen, c) beginnende kornige Keratohyalinisierung, 
d) umgewandeltes Driisenschlauchepithel. 


ginn der Umwandlung, beobachten wir andererseits oft eine starke 
Epithelzellenproliferation, wobei die Zellen morphologisch indiffe- 
rent, von der Form der Basalzelle sind. Namentlich in den tieferen 
Schichten des Epithelzellengewebes stosst man auf bemerkenswert 
zahlreiche Zellteilungsfiguren. Dieses Zellgewebe schliesst sich dann, 
wie oben beschrieben, an weiter differenzierte Epithelschichten an. 

Im Bereich des Deckepithels kommt nur an einigen Stellen eine 
Umwandlung zu Gesicht. Die Umwandlungsstadien gleichen vollig 
den im Zusammenhang mit dem Drusenschlauchepithel geschil- 
derten. Die Differenzierung ist jedoch im allgemeinen etwas weiter 
fortgeschritten (Abb. 12 und 13). So erinnert das Epithelgewebe an 
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den meisten Stcllen an Stachelzellengewebe, obgleicli die interzellu- 
livren und die Plasmafibrillcn recht undeutlicli hervortreten und 
daher nicht von einer I’egelmiissigen Stachelzellenschicht gespro- 
cben werden kann. In den oberflacliliclien Zellen ist eine beginnende 
kleinkornige Keratobyalinisierung haufig. An einigen Stellen be- 
deckt sclion eine deutliclie, wiewohl dunne keratohyaline Scbicht 
das »Stachelzellengewebe«, an gewissen Stellen binwieder sieht 
man, dass sicb dem Bindegewebe mitten in einem Epithelzug an 
Hornperlen erinnernde Scbichtungen angedriickt liaben. Das dif- 
ferenzierte Zellgewebe ist verschieden dick, stellenweise von nur 
einigen, an anderon Stellen von 10 — 12 Zellreilien gebildet, und es 
sclieint nicht, wic das Drusenschlauchepithel, die Neigung zu ha- 
ben, sich von seiner Unterlage abzulosen oder nekrotisch zu werden. 
Mitosen treten in dem Basalzellengewebe miissig reichlich auf. 

Abrasion II, Probe b). Die Schleimhaut befindet sich in der 
Sekrctionsphase. Die feststellbaren mikroskopischen Befunde glei- 
chen im iibrigen genau den oben beschriebenen, nur dass umge- 
wandeltes Epithel bedeutend seltener auftritt und mithin das ziem- 
lich normal erhaltene Epithel haufiger ist. Das umgewandelte Epi- 
thel umfasst auch sowohl in den Driisenschlauchen als im Deck- 
epithel alle Entwicklungsstadien. 


Vber den Ban, das Vorkommcn und die Pathogenese des 
metaplastischen Platt enepithels in der Schleimhaut 
des Corpus uteri. 

In den oben beschriebenen Fallen haben wir in der 
Schleimhaut des Corpus uteri vorkommendes Flatten epithel 
sowohl als Deckepithel wie als von Bindegewebe umgebenes 
Drusenschlauchepithel festgestellt. In den drei ersten Fallen 
vertraten die Epithelinseln zienilich regelmassiges, allerdings 
bis zu verschiedenen Differenzierungsstadien fortgeschrittenes 
Plattenepitliel, im vierten Fall dagegen zeigte das Epithel einen 
besonderen Typus, wies aber doch gewisse fiir das Platten- 
epithel kennzeichnende Eigenschaften auf. 

Bevor vir uns jedoch der genaueren Betrachtung des 
Baues und der Pathogenese dieses ortsfremden Epithels zu- 
wenden, miissen wir zuerst unter Beweis stellen, dass es sich 
in unseren Fallen wirklich um in der Schleimhaut des Corpus 
uteri auftretendes metaplastisches Plattenepitliel gehandelt 
hat und dass nicht etwa durch emhryonale Storungen ent- 
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standene, von umgebendem Gewebe eimvachsende oder durch 
mechanische Eingriffe, z. B. durch die Operationen, verur- 
sachte Plattenepithelformatipnen und auch nicht Epitbel, das 
nur eine formale Akkomodation des Epithels vertreten wurde, 
vorgelegen haben. 

Das dann und -vvann in der Korpusschleimhaut von Kin- 
dern und Neugeborenen vorkommende Plattenepithel ist u. a. 
von ii/eyer und Natanson als eine kongenitale Anomalie be- 
trachtet worden. Ob die in unseren Fallen auftretenden Plat- 
tenepithelformationen auch mil Hilfe derartiger von der Cohn- 
heimschen Theorie vorausgesetzter embryonaler Missbildun- 
gen erklart werden kdnnen, ist eine Frage, die wir zuerst zu 
entscheiden haben. Wie schon erwahnt, halt Meyer diese Mog- 
lichkeit wegen der strukturellen Eigenart der sog. Platten- 
epithelkndtchen fiir nicht ganz ausgeschlossen. Die an unse- 
rem Material erhobenen Befunde verleihen jedoch dieser An- 
nahme keine Stiitze. In unseren Fallen erscheint das umge- 
wandelte Epitbel namlich erstens bis zu verschiedenen Dif- 
ferenzierungsstadien entwickelt, und zwar so, dass wir in ein 
und demselben Fall gleichzeitig alle moglichen Bbergangs- 
stadien feststellen kdnnen, wie es sich z. B. in Fall 4 verhalt. 
Das umgewandelte Epitbel ist nicbt auf einige Stellen be- 
scbrankt, w’ie man es im allgemeinen bei Kindern konstatiert 
hat, sondern iiber die ganze Schleimhaut ausgebreitet, ja stel- 
lenweise in dem Masse generalisiert, dass wir kaum Driisen- 
schlauche linden, in denen keine Alteration nachzuweisen 
wmre (Fall 4). Da wir ausserdem auf Grund der in unserem 
Fall 4 ausgefiihrten zweiten Abrasion erseben, dass die Um- 
wandlung des Epithels wenigstens teilweise in der an dem 
zyklischen Wechsel teilnehmenden Schleimhaut stattfindet, 
kann dieses Verhalten ebensowenig -wie die von uns gemacli- 
ten Beobachtungen mit Hilfe von embryonalen Anomahen 
erklart werden, sondern die iiber die Schleimhaut ausgebrei- 
tete Epidermisierung muss von Faktoren hergeriihrt haben, 
deren Wirkung die ganze Korpusschleimhaut ausgesetzt ge- 
W6scn ist. 

Die Plattenepithelformationen lassen sich auch nicht auf 
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ein Einwandern oder Einwachsen aus fremder Umgebung, also 
vor allerii aus dem Zervikalkanal oder der Portio zuruckfiih- 
ren, wie sie. auch nicht auf traumatischem Weg entstanden 
sein konnen, denn dann miisste im Wachstum des Platten- 
epitliels eine Ausbreitung per continuitatem und nicht in Dif- 
ferenzierungsstadien verschiedenen Grades in den iiber die 
ganze Schleimliaut verzweigten Drusenschlauchen zu konsta- 
tieren sein, A^de es sicli besonders in Fall 4 verhalt. In unseren 
Fallen sind nach der Anamnese auch keine operativen Ein- 
griffe in der Uterushohle vor der ersten Abrasion ausgefiihrt 
worden, wo in alien Fallen schon eine deutliche Alteration 
der Schleimhaut festgestellt werden konnte. 

Und schliesslich konnen die von uns in der Korpusschleim- 
haut angetroffenen Plattenepithelinseln auch nicht durch eine 
nur in der ausseren Form der Zellen im Sinne einer formalen 
Akkomodation erfolgte Umwandlung verursacht sein, denn 
das Epithel ist so hoch differenziert, dass es nach der allge- 
meinherrschenden Auffassung der Pathologen eine Umwand- 
lung des ganzen Zellcharakters voraussetzt. 

Wenn wir ausser dem Obigen die in unseren Fallen kon- 
statierten Umwandlungsstadien verschiedenen Grades sowie 
den nahen, ja stellenweise unmittelharen Zusammenhang we- 
niger differenzierter Herde mit hoher differenzierten Partien 
in Betracht ziehen, so erkliiren sich die in unseren Fallen fest- 
gestellten Epithelveranderungen nur durch die einzig iibrig- 
bleibende Moglichkeit, durch eine wirkliche Metaplasie. Auf 
dig niihere Behandlung dieses Prozesses werden vdr spater 
zuruckkommen. 


Im Bau der metaplastischen Plattenepithelgebiete treten 
uns bedeutende Unterschiede entgegen. Am weitesten ist die 
Differenzierung in Fall 2 fortgeschritten. Alle fiir das Haut- 
epithel charakteristischen Zellschichten waren darin deutlich 
vertreten. Das Epithel grenzt durch Vermittlung eines oft 
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scharf hervortretenden, an eine Membrana propria erinnern- 
den Gewebes an das Stroma. Bindegewebspapillen findet man 
an gewissen Stellen vollig regelmassig entwickelt. Eine Basal- 
zellenreihe kommt mehrerenorts normal zu Gesicht. Die Sta- 
chelzellenscMcht ist gut entwickelt und umfasst 4—10 Zell- 
reihen. Die Keratohyalinschicht ist von 2—3 Zellreihen ge- 
bildet und von einer an einigen Stellen deutlich erkennbaren 
Hornschicht bedeckt. Die Interzellularfibrillen treten deutlich 
hervor, und besonders in den basaler liegenden Zellreihen he- 
merkt man in ihnen oft Bizzozerosche Knoten, Auch der Ver- 
lauf der Plasmafibrillen ist bereits der dem Plattenepithel 
eigentiimliche; in den Basalzellen sind die Fibrillen in der 
Langsrichtung der Zelle, senkrecht zur Oberflache angeord- 
net, in der Stachelzellenschicht dagegen mehr tangential zur 
Oberflache. 

In den Plattenepithelinseln der Falle 1 und 3 sowie in den 
meisten des Falles 4 hat die Differenzierung bei einem etwas 
niedrigeren Stadium haltgemacht. Die Bindegewebspapillen 
fehlen ganzlich in Fall 1, aber in Fall 3 ist schon eine begin- 
nende Papillenformation festzustellen. Das Epithel grenzt 
dann und wann an ein einer Membrana propria ahnliches diiri- 
nes Gewebe. Die Basalzellenschicht erscheint meist regellos, 
von polymorphen, polygonalen oder langzylindrischen Zellen 
gebildet. Dieses Zellgewebe kann auch vollstiindig fehlen, \vo- 
bei die Stachelzellenschicht unmittelbar an das Bindegewebe 
grenzt. Die Dicke der Stachelzellenschicht \vechselt stark, zwi- 
schen 2 und 10 unregelmassigen Zellreihen, ebenso auch die 
Form der Zellen. Die interzellularen und intrazellularen Fi- 
brillen sind am deutlichsten in den basalen Schichten zu 
sehen. Die Anordnung der letzteren Fibrillen ist jedoch meist 
regellos, dem regellosen Bau des Zellgewebes entsprechend. 
Eine Verhornung ist in Fall 1 noch nicht zu konstatieren, aber 
in den anderen Fallen tritt sie schon ungleich weit entwickelt 
herr''of. 

Die in Fall 4 vorkommenden Epithelalterationen weichen 
bedeutend von dem typischen reifen Plattenepithel ah. In 
ihrem Bau und ihren Zelltypen sind jedoch fiir das Flatten- 
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epithel wesentliclie Eigenschaften festzustellen, obgleich das 
Epithel nur eine Art unausgebildeten und unregelmassigen 
Epidermisierungstypiis vertritt. In diesem Epithel bemerken 
wir zuerst die dem Plattenepithel eigentumlichen Zellschich- 
ten, allerdings nicht endgiiltig differenziert, sondern unfertig 
Oder an tlbergangsformen erinnernd. Die Basalzellenschicht 
ist oft regellos von polymorplien oder polygonalen Zellen ge- 
bildet. An einigen Stellen beobachtet man eine Bildung von 
Interzellularbriicken, aber nicht sicher eine solche von Plas- 
mafibrillen. Die dieses Gewebe bedeckende Schicht ist ein 
tJbergangsgewebe, dessen Zellen teils Basalzellen, teils Sta- 
chelzellen ahnlich sind. Die Zellen sind rund, polygonal oder 
liinglich und meist fest aneinandergeschlossen. Die Kerne und 
das Plasma sind wohlerhalten. Interzellularbriicken sind 
augenscheinlich vorhanden, obwohl sie nur an wenigen Stel- 
len undeutlich zu unterscheiden sind. Im Bereich des Deck- 
epithels kann man schliesslicli in den aussersten Zellreihen 
eine deutliche Keratoliyalinisierung in Form einer in den 
Zellen stattfindenden keratohyalinen Granulation wie schon 
in der Bildung von Hornsubstanz und Ansatzen zu Hornper- 
len konstatieren. Im Epithel der Driisenschlauche beobachtet 
man nur eine beginnende Keratohyalinisierung, d. h. eine 
kleinkornige Granulation in Zellen, die weiter von den Basal- 
zellen, oft in der Mitte des am starksten alterierten Zellgewe- 
bes liegen, welche z. B, bei der Umwandlung des ganzen Drii- 
senschlauchepithels der Mitte des Schlauches entsprichl. Die 
weiter umgewandelten Epithelpartien der Driisenschlauche 
haben sich meist von ihrer Unterlage, dem Bindegewebe, ab- 
gelost, eine Neigung, die das alterierte Deckepithel im allge- 
meinen nicht zu besitzen scheint. In den Epithelpartien der 
Driisenschlauche, besonders in den starker umgewandelten, 
gewahren wir oft auch regressive Veranderungen von Plasma- 
und Kernvakuolisierungen, Kernpyknosen und Karyorhexis 
bis zu vollstandigen Nekrosen. Die alterierten Epithelpartien 
zeigen in unserem Fall keineswegs immer das oben beschrie- 
bene Bild, sondern es kann die grosste Buntheit herrschen. 
Stellenweise umfassen die Veranderungen nur einen Teil von 



140 


dem Epithel eines Schlauches, an anderen Stellen einen gan- 
zen Schlauch, ja mehrere sich aneinander anschliessende 
Sclilauche. An gewissen Stellen steht die Umwandlung ganz 
in den Anfangen nnd ist kaum erkennbar, an anderen da- 
gegen ist sie bis zu beginnender Verhornung oder vollstan- 
diger Nekrose des ganzen Schlauchepithels fortgeschritten. 


In Anbetraclit des Umfangs des untersuchten Materials 
diirfen Avir wohl das Vorkommen von metaplastischem, hoch- 
differenziertem Plattenepithel in der Schleimhaut des Corpus 
uteri als eine verbal tnisniassig seltene Erscheinung betracb- 
ten. Nach meinen Untersuchungen sind nur in drei von tau- 
send Fallen mit Sicherheit Plattenepithelinseln aufgetreten, 
bei denen die typischen Eigenschaften des Hautepithels nach- 
gewiesen werden konnten. In einem vierten Fall zeigte die 
Epidermisierung einen speziellen Typus, aber da. waren im- 
merhin gewisse fiir das Plattenepithel charakteristische Ei- 
genschaften zu finden. Die von uns konstatierte Frequenz 
des PI atten epithets entspricht im grossen und ganzen den von 
Meyer angefiihrten Ergebnissen iiber das Vorkommen der sog. 
Plattenepithelkndtchen, bleibt aber bedeutend hinter der von 
Deelman beobachteten Haufigkeit zuruck. 

An Obergangsepithel erinnerndes Gewebe oder Platten- 
epithel einer niedrigeren Differenzierungsstufe ist dagegen in 
der Schleimhaut des Corpus uteri bedeutend hiiufiger anzu- 
treffen. Diese Epitheltypen in der Schleimhaut des Corpus 
uteri Averden im Schrifttum ofters nur als verschiedenartige 
Atypien des Zylinderepithels erwahnt (vgl. Deelman). In un- 
seren Fallen 1 und 3 haben vnr das Vorhandensein derartiger 
auf niederer Differenzierungsstufe stehenden Epithelgebiete 
nachgewiesen. Stellemveise haben diese Gebiete an Obergangs- 
epithel mit kubischen Basalzellen erinnert, wobei die diese be- 
deckenden Zellen grosser und von starker Avechselnder Form, 
meistens polygonal oder langzylindrisch sind. An anderen 
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Stellen ist die Differeiizierung weiter fortgescliritten, die In- 
terzellularraume treten deutlicher hervor, und besonders in 
der basalen Schicht konnten schon schwache, aber deutliche 
Interzellularbriicken festgestellt werden. Eine Keratohyalini- 
sierung Oder eine Bildung von Papillen war in diesen Epithel- 
partien nie zu beobachten. Die Anordnung der Zellen war im 
allgemeinen regellos, und die Dicke des Zellgewebes variierte 
von 1 — 2 Zellreilien bis zu unregelmassigem Gewebe mit meh- 
reren Zellreiben. Diese Epitheltypen vertreten sichtlich ge- 
wisse Differenzierungsstufen der Entwicklungsreihe, die von 
einem kaum erkennbaren Umwandlungsstadium des Epithels 
bis zu hochdifferenziertem Plattenepithel fiihrt. Das beweist 
ausser den bei den verschiedenen Zellgewebstypen konstatier- 
ten morphologischen Eigenschaften der nahe, in Fall 1 sogar 
direkte Zusammenhang, der zwischen den Epithelpartien ver- 
schiedener Entwicklungsstadien bestand, und die Tatsache, 
dass diese Epitheltypen ihr genaues Gegenstiick unter den in 
Fall 4 auftretenden oben beschriebenen Umwandlungsstadien 
des Epithels finden. 

Epithelpartien, die an die vorstehend besprochenen nied- 
rigeren Umwandlungsstadien erinnern, finden sich in der Kor- 
pusschleimhaut in dem von mir studierten Material verhalt- 
nismassig haufig, ja in Dutzenden von Fallen. Im grossten 
Teil von ihnen hat es sich offenhar nur um durch verschie- 
denartige Reize hervorgerufene progressive oder regressive 
Reaktionen der Schleimhaut, d. h. nur um eine formale Ak- 
komodation des Zellgewehes an die jeweils herrschenden Ver- 
hiiltnisse, nicht um eine Umwandlung des ganzen Zellcharak- 
ters gehandelt. An derartiges tlbergangsepithel oder vielleicht 
hesser abgeplattetes Epithel erinnerndes Gewebe kam u. a. in 
zwei von mir untersuchten Fallen von Genitaltuberkulose vor. 
Hier konnten jedoch bei genauerem Studium dieser Epithel- 
partien und ihrer Zellen keinerlei auf einen metaplastischen 
Prozess hinweisende Eigenschaften festgestellt werden. Ahn- 
liche Epithelveriinderungen zeigten sich ferner recht zahlreich 
im Zusammenhang mit Endometritiden sowie bei Frauen 
jenseits der Menopause, ohne dass in der Schleimhaut der 
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letzteren auch nur eine schwerere Infektion zu konstatie- 
ren gewesen ware. Solche formale Veranderungen der Schleim- 
haut des Corpus uteri liegen u. a. in den Serienunter- 
suchungen Bjorkenheims in mehreren Fallen vor. Ebenso ge- 
horen sicher die meisten der z. B. von Deelman vorgefiihrten 
Atypietypen hierher. 

Trotzdem man es in den meisten der von mir untersuchten 
Falle nur mit der obenerwahnten formalen Umwandlung des 
Epithets zu tun gehabt hat, ist es als wahrscheinlich zu 
hetrachten, dass die Veranderungen in einigen dock einen 
bereits beginnenden metaplastischen Umwandlungsprozess 
vertreten haben, wiewohl dies in Ermangelung weiter fort- 
geschrittener Differenzierungsstadien nicht deutlich nach- 
gewesen werden konnte. Erstens ist ja klar, dass solche 
hoher differenzierten Epithelpartien neben solchen niederen 
Grades in unseren Fallen ofter vorgekommen sind, als un- 
sere Kasuistik zeigt, obgleich sie zufallig nicht unter unsere 
Proben geraten sind. Auch ist es moglich, dass die ungleich 
weit differenzierten Epithelpartien in gewissen Fallen trotz 
allem Korpusschleimhaut dargestellt haben, ■wiewohl ich die 
Falle kassieren musste, well sie die gestellten Bedingungen 
nicht erfiillten. Und schliesslich scheint es mir ausgemacht, 
dass der metaplastische Prozess unter gewissen Verhaltnissen 
fortgeschritten sein oder in seinen friiheren Differenzierungs- 
stadien haltgemacht haben kann. Auch solche Falle sind si- 
cher zahlreich sowohl unter denen meines Materials als z. B. 
unter den obenerwahnten von Bjorkenheim und Deelman be- 
schriebenen Fallen vorhanden gewesen. 


Wenden wir in unseren Fallen die Aufmerksamkeit hier- 
nach dem metaplastischen Prozess selbst zu, so ist gleich 
hervorzuheben, dass die Untersuchung seines Verlaufs und 
besonders seiner ersten Phasen Schwierigkeiten bereitct hat. 
In Fall 2 liaben wir neben der ubrigen Atypie nicht einma 
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deutliclies Obergangsepithel, sondern schon relativ weit, aber 
allerdings in verschiedenem Grade differenziertes Plattenepi- 
thel festgestellt. In den Fallen 1 und 3 kommen zwar Ge- 
biete weniger fortgeschrittener Differenzierung des Epithels 
vor, aber direkte Verbindungsstellen zwischen diesen und dem 
weiter differenzierten Plattenepithel nur sparlich. An gewis- 
sen Stellen (Fall 1) linden wir immerhin, dass ein schon 
teihveise regressiv veranderter Zylinderepithelzug sowe ein 
an tJbergangsepithel erinnerndes Gebiet sicli an eine Platten- 
epithelinsel anschliessen, aber als vereinzelte Erscheinungen 
berecbtigen diese doch nicht ohne weiteres zu Scliluss- 
folgerungen. In Fall 4 haben wir dagegen allerlei ubergangs- 
formen von leichten Veranderungen bis zum Auftreten von 
verhorntem Plattenepithel. Die verschiedenen Umwandlungs- 
stadien und der Verlauf des Umwandlungsprozesses waren 
jedoch in diesem Fall eigenartig und der letztere, \Nie wir 
spater sehen werden, iiberdies ausserordentlich schnell, wes- 
halb es schwierig war, die einzelnen Stadien festzustellen; 
wenn vir aber gleichzeitig die sich langsamer entwickelnden 
Parallelerscheinungen verfolgen, die Saxen eingehend unter- 
sucht hat, so ermoglicht sich eine Rekonstruktion des Pro- 
zesses. 

Erstens kdnnen wir konstatieren, dass die Metaplasie in 
den Driisenschlauchen, aber wahrscheinlich auch im Bereich 
des Deckepithels, von einem recht begrenzten Gebiet aus be- 
ginnt. Das wird dadurch bewiesen, dass unbedeutende Ver- 
anderungen im allgemeinen in Schlauchen festzustellen sind, 
deren Epithel zum grossten Teil wohlerhalten ist, und dass 
auch in den am schwersten alterierten Schlauchen ausser- 
ordentlich oft noch ziemlich normal heibehaltenes, an seiner 
Unterlage fixiertes Epithel auftritt (Abb. 9, 10 und 11). An 
den Stellen bc.ginnendcr Umwandhing sehen \vir zuerst eine 
Starke Proliferation der basal gelegenen Epithelzellen, wobei 
war eine Umwandlung zu Zellen konstatieren, welche den Ba- 
salzellen oder sonst beziiglich ihres Baues indifferenten Zellen 
iihnlich sind (Abb. 10 und 11). In diesem neugebildeten Ge- 
webe sehen wir die Differenzierung in der Weise fortschrei- 
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ten, dass das entstehende Epithelgewebe immer deutlicher 
den Charakter von Plattenepithel mit den fiir dasselbe eigen- 
tiimliclien Zelltypen annimmt. 

Ob diese Umwandlung des Epitbels so vor sicb geht, dass 
die Ursacben, die zuerst im Zylinderepitbel und namentlich 
in dessen peripber binreicbenden Zellen eine Alteration her- 
vorrufen, dann zugleicb in den basal liegenden Zellen zu einer 
Regeneration fiibren, me es Saxen aucb fiir die Nasenpolypen 
nacbgewiesen bat, ist eine Frage, die war zunacbst zu ent- 
scbeiden versucben miissen. 

Fur die geausserte Annabme finden wir in unserem Ma- 
terial eine Stutze. Darauf weisen meines Eracbtens zuerst 
die Befunde bin, die wir iiber die Ausbreitung des meta- 
plastiscben Prozesses in seine Umgebung erbeben konnen. 
Wie scbon bei der Bescbreibung unserer Falle 1 und 4 er- 
wabnt wurde, stellen wir in dem an eine umgewandelte 
Epitbelpartie anscbliessenden Zylinderepitbel bedeutende Ver- 
anderungen fest. Die Zellen dieses Epitbels, besonders die 
peripberer liegenden, sind regellos angeordnet, regressiv ver- 
andert, ja oft ist das ganze Epitbel stark verdiinnt, nur von 
einer kubiscben basal gelegenen Zellreibe gebildet (Abb. 3, 
10 und 11). Es scbeint auf der Hand zu liegen, dass die Fak- 
toren, die zu den obenerwabnten regressiven Veranderungen 
gefiibrt baben, zugleicb aucb eine Regeneration in der ba- 
salen Zellscbicbt be^virken, wobei diese basalen Zellen also 
zu proliferieren und so neues Epitbelgewebe zu bilden an- 
fangen. Diese Proliferation findet natiirlicherweise haupt- 
sacblicb; ja vielleicht ausscbliesslicb, in den sicb unmittel- 
bar an die umgewandelte Partie anscbliessenden Zellen statt, 
und so setzt sicb also das Wachstum des alterierten Gewebes 
in die Umgebung fort. Da die Aktivitat des indifferenten ba- 
sal gelegenen Zellgewebes zu einer Ausbreitung der so um- 
gewandelten Epitbelpartie und auf diesem Wege zugleicb zur 
Bildung eines Zellgewebes von neuem Typus fiihrt, ist die 
Regeneration, wie Saxen aucb scbon bei den Nasentypen dar- 
gelegt hat, als anisogen Oder mit anderen Worten als ein 
Prozess aufzufassen, bei dem die Aktivitat der indifferenten 
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Zellen zur Entstehung von neugebildetem Epilhel fiihrt, das 
seinem ganzen Charakter nach von dem fiir die Schleim- 
haut kennzeichnenden Zjdinderepitliel abweicht. Soweit also 
die Ausbreitimg der alterierten Epithelinseln in ilire Um- 
gebung auf die oben beschriebene Weise vor sich geht, wo- 
fiir unsere Befunde und Saxens Feststellungen iiber die von 
ihin studierten Parallel ersclieinungen in jeder Hinsicht spre- 
clien, ist es klar, dass aucli die Entstehungsphasen des gan- 
zen metaplastischen Prozesses an den priinaren Wachstums- 
oder Umwandlungsstellen die gleiclien sind. Dies findet eine 
weitere Stiitze in der Beobachtung, dass wir auch in den be- 
ginnenden Umwandlungspartien nie mehr wohlerhaltenes nor- 
males Zjdinderepithel finden, sondern nur an die basal ge- 
legenen Zellen des Zylinderepithels erinnernde, meist kubi- 
sche, indifferente Zellen, die z. B. in Abbildung 10 in ring- 
formiger Kette ein alteriertes Epithelgebiet umgeben und die 
also das basale Zellgewebe neugebildeten Epithels darstellen. 
In den weiter fortgeschrittenen Umwandlungspartien sehen 
wir dagegen oft keine derartigen basal liegenden indifferen- 
ten Zellen mehr, sondern schon den basalen Zellen des Plat- 
tenepithels ahnliche Zellen, die gerade durch die Aktivitiit 
dieser indifferenten Zellen, durch deren Teilung und Um- 
wandlung entstanden sein miissen. 

Auf Grund des Obigen erkldrt sich, wie mir scheint, die 
in iinseren Fallen konstatierte Umivandliing des Epithels als 
eine biologische Erscheinung, bei der sowohl regressive als 
regenerative Prozesse eine Rolle spielen. Die Ursachen oder 
Reize, die in dem Zglinderepithel, besonders in dessen zur 
Oberfldche hin reichenden Zellen, eine Alteration, ja einen 
vollstdndigen Untergang der Zellen hervorgerufen haben, 
zivingen zugleich die basal gelegenen und meist wohlerhalte- 
nen Zellen fiir die Bildung neuen Epithels zu einer regene- 
rativen Aktion. Dieser Regenerationsprozess ist anisogener 
Art, ivobei die Teilung und Proliferation dieser indifferenten 
Zellen zur Bildung neuen Geioebes fiihrt, dessen Zellen schon 
mehr oder iveniger den Charakter der Hautepithelzellen tra- 
gen. 

Acta path, Vol. XVIII, I 


10 
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Gehen vnr hiernach zu einer eingehenderen Betrachtung 
des Verlaufs des metaplastischen Prozesses in unseren Fal- 
len iiber, so kdnnen wir gleich konstatieren, dass die Struk- 
tur der alterierten Epithelgebiete in unseren Fallen 1, 2 und 
3 in den Entwicklungsstadien verschiedenen Grades durch- 
aus die gleiche ist. In diesen Fallen konnen wir zwar nicht, 
wie in Fall 4, alle moglichen Entwicklungsstadien feststellen, 
aber immerbin gewisse Cbergangsbilder, die von normalem 
Zylinderepitbel zu Plattenepitbel fubren, in dem scbon alle 
fiir diese Epitbelart kennzeicbnenden strukturellen Eigen- 
scbaften nacbzuweisen sind. In unserem Fall 2 liisst sicli 
das primarste Entwicklungsstadium nicbt konstatieren, wohl 
aber eine Art Regellosigkeit im Zylinderepitbel sowie Diffe- 
renzierungsstadien verscbiedenen Grades, bei denen die Epi- 
dermisierung jedocb scbon verbaltnismassig weit fortgeschrit- 
ten ist. In unseren Fallen 1 und 3 dagegen bemerken wir 
ein an Gbergangsepitbel erinnerndes Entwicklungsstadium, 
bei dem der metaplastiscbe Prozess scbon so weit fortge- 
scbritten ist, dass wir an gewissen Stellen im basalen Zell- 
gewebe scbwacbe, aber docb deutlicb erkennbare Interzellu- 
larfibrillen auftreten seben. In Fall 1 erblicken wir ausser- 
dem mebrere Cbergangspartien, in denen sowobl ein derar- 
tiges an Gbergangsepitbel erinnerndes Epitbel als ein noch 
die Form des Zylinderepitbels bewabrendes regressiv veran- 
dertes Epitbelgebiet sicb an eine bocbdifferenzierte Platten- 
epitbelinsel anscbliessen und gerade an dieser Stelle in den 
basalen Zellen des sicb umwandelnden Zellgewebes eine 
starke Proliferation zu beobacbten ist (Abb. 3). In diesem 
proliferierenden Zellgewebe, in dem basalen Zellgewebe des 
an Obergangsgewebe erinnernden Gewebes sowie des weiter 
differenzierten Epitbels finden war zablreicbe Mitosen, die 
einerseits von der Rolle und Funktion der basalen Zellen in 
diesem metaplastischen Prozess und andererseits von der 
schnellen Entwicklung des Prozesses zeugen. Wahrend der me- 
taplastische Prozess weiter, w^enn auch noch nicht bis zu sei- 
nem Endstadium, fortschreitet, weist die Struktur des Zell- 
gewebes noch eine bedeutende Regellosigkeit auf, die sicb 
darin aussert, dass die Form der Zellen, der basalen sowo 
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als der Stachelzellen, betrachtlich von der kubischen oder 
polygonalen bis zur langzylindrischen variiert, dass der Ver- 
lauf der Plasmafibrillen regellos ist und dass die Anordnung 
der Zellen oft vollig verworren erscheint. In den am hoch- 
sten differenzierten Gebieten (in Fall 2, Abb. 5 und 6) fin- 
den wir die Epithelstruktur schon durchaus regelmiissig und 
das Epithel mit alien fiir das Hautdeckepithel wesentlichen 
morphologischen Eigenschaften ausgestattet. 

Obwohl wir nicht in jedem einzelnen unserer Fdlle meh- 
rere verschiedene Entwicklungsstadien untersuchen konnten, 
ergdnzen sie einander dock, und bilden miteinander eine zu- 
sammenhdngende Entwicklungsreihe, in der sich der Ver- 
lauf des metaplastischen Umwandlungsprozesses als genau 
dem oben dargestellten konform erwiesen hat und der also 
fiir die Aufhellung der Genese der Metaplasie von grosser 
Bedeutung ist. 

Das am weitesten differenzierte metaplastische Platten- 
epithel, das in alien diesen Fallen vom gleichen Typus ist 
und das, der Struktur nacli zu iirteilen, das Ergebnis einer 
langen Entwicklung darstellt, reprasentiert in den zwei ersten 
Fallen die Umwandlung des Epitbels in der Uterusschleim- 
baut, die nicht mehr zyklischen Wechseln unterworfen ge- 
wesen ist, wahrend die zykiische Funktion in Fall 3 noch 
besteht, obwohl sie schon langere Zeit, wie auch die Metro- 
pathie der Patientin zeigt, erheblicli gestort gewesen ist. Es 
ist denn auch offenbar, dass dieser letzterwahnte Storungs- 
zustand der Schleimhaut an seinem Teil die Verhaltnisse ge- 
schaffen hat, unter denen die Entwicklung des metaplasti- 
schen Prozesses auf dieselbe Weise und bis zu demselben 
Grade fortschreiten konnte wie bei Frauen nach der Meno- 
pause und also, nach der Struktur zu schliessen, eine regel- 
massigere, liinger dauernde und bestandigere Epidermisie- 
rung erreicht wurde, was im allgemeinen in der regelmassig 
zyklisch funktionierenden Schleimhaut kaum als moglich be- 
trachtet werden konnte. 

Die in unserem Fall 4 festgestellten Umwandlungsstadien, 
die in alien moglichen Dbergangsformen von normalem Z 3 'lin- 

10 * 
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derepithel bis zu schon eine keratohyaline Schicht umfassen- 
dem neuen Epithel auftrelen, sind dazu angetan gewesen, 
unsere friihere Aufkliirung der Anfangsstadien des metapla- 
stischen Prozesses und mithin teilweise der Genese selbst wai- 
ter zu fordern, weshalb wir in diesem Zusammenhang nicht 
mehr direkt auf diese Frage eingehen. Im Verlauf des meta- 
plastischen Prozesses selbst tritt dagegen eine so grosse Eigen- 
art auf, dass er ganz besondere Aufmerksanikeit verdient. 

Auf Grund der friiheren Behandlung diirfte schon klar ge- 
worden sein, dass die Alteration, ja der vollstandige Unter- 
gang der peripheren Zellen des Zylinderepithels die basal 
gelegenen Zellen zu einer regenerativen Aktion gefiihrt hat, 
um neues, den Verbal tnissen besser angepasstes Epithel zu 
schaffen. Dieser regenerative Prozess verlauft augenscheinlich 
recht schnell (vgl. Hamperl) . Das zeigen die ausserordentlicb 
zahlreichen und ausserst mannigfaltigen Zellteilungsfiguren 
im basalen Zellgewebe sowie auch die Tatsache, dass das 
basale Zellgewebe in den weiter umgewandelten Parlien ver- 
haltnismassig bald seine typische Form verliert und an raan- 
chen Stellen durch ein Gewebe aus Zellen, die gewissermassen 
an Stachelzellen erinnern, ersetzt wird. In diesem metaplasti- 
schen neuen Gewebe ist jedocb besonders auffallend, dass wir 
wohl im ganzen Gebiet unserer Proben kaum eine einzige in 
ihrer Zellstruktur regelmassig differenzierte Stachelzelle fin- 
den konnen, sondern nur eine Art abortiv entwickelter Zel- 
len, die jedocb gewisse Eigenschaften der Stachelzelle Oder 
des Stachelzellengewebes besitzen, wie z. B. schon an einigen 
Stellen feststellbare, aber scbwach entwickelte Interzellular- 
briicken. Die Keratohyalinisierung tritt auch, von gewlssen 
im Bereich des Deckepithels konstatierten deutlichen Schich- 
tungen abgesehen, nur als beginnende kleinkornige Granula- 
tion auf. Die erwahnten Erscheinungen erklaren sich wohl 
am ehesten aus der Schnelligkeit, mit der diese ganze eigen- 
artige, abortive Epidermisierung offenbar stattfindet. Die im 
Gebiet des Driisenscblauchepithels auftretenden zahlreichen 
Nekrosen beruhen augenscheinlich ihrerseits auf der Neigung 
der umgewandelten Epithelpartie, sich von ihrer Unterlage 
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abzulosen, eine Neigung, die das Deckepithel im allgemeinen 
ebensowenig zu besitzen scheint, wie es zum Nekrotischwer- 
den tendiert. 

Betrachten war die Ursachen, die zu diesem metaplasti- 
schen Prozess von eigenartigem Typus fiihren, so miissen war 
vor allem die Verhaltnisse beachten, unter denen die Um- 
w'andlung stattfindet. Hierbei konstatieren wir zuerst, dass die 
Patientin lange dauernde regelmassige Ausfliisse gehabt hat 
und dass in Probe a) in der Uterusschleimhaut deutliche 
metropathische Veranderungen vorhanden gew'esen sind, so 
dass die zyklische Funktion der Schleimhaut erheblich gestort 
gewesen sein muss. Vor der Entnahme der Probe b) dagegen 
konnten in den Menstruationen keinerlei Storungen nacbge- 
wiesen w'erden, sondern der regelmassige zyklische Ausfluss 
trat im Gegenteil zw'ei Wochen vor der Abrasion auf. Da aher 
doch auch in dieser Probe die meisten Epithelveranderungen 
schon bis zu ihrem Endstadium differenziert sind, ist meiner 
Ansicht nach die Annahme voll berechtigt, dass dieser meta- 
plastische Prozess dem zyklischen Wechsel der Schleimhaut 
gefolgt ist und dass mithin die weit fortgeschrittene Differen- 
zierung wahrend des Proliferationsstadiums der Schleimhaut, 
d. h. im Lauf einer verhaltnismassig kurzen Zeit stattgefun- 
den haben muss. Bedenken wfir, dass in beiden Proben die 
umgew'andelten Epithelpartien in alien Entwicklungsstadien 
beziiglich der Struktur des Zellgewebes, der morphologischen 
Eigenschaften der Zellen und des Verlaufs des Prozesses vdl- 
lig gleichartig sind, so ist es offenbar, dass auch die in Prohe 
a) auftretende Umwandlung in Schleimhaut vor sich geht, die 
wenigstens teilweise in zyklischer Funktion hegriffen ist. Da 
die Desquamationsphase der Uterusschleimhaut nicht nor- 
malerweise vor der Entnahme der Probe a) stattgefunden hat, 
wde es sich hei den Metropathien verhalt, ist die Schleimhaut 
mit ihren alterierten Epithelpartien auch bei w'eitem nicht 
immer allmonatlich abgegangen, sondern das umgew'andelte 
Epithel ist stationarer gehlieben, was wdederum seinesteils zu 
den so haufig in ihr konstatierten Nekrosen gefiihrt hat. 

Aus dem Obigen diirfte hervorgegangen sein, dass sich der 
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metaplastische Umwandlungsprozess in unserem Fall 4 we- 
nigstens teilweise in einer an der zgklischen Funktion ieil- 
nehmenden Schleimhaut entwickelt hat. BetracMen \vir dem- 
gegeniiber die in unserem Fall anftretende besondere Um- 
wandlungserscheinung, so erhalten die abortive Struktur des 
neugebildeten Gewebes, die unausgebildeten morphologiscben 
Eigenschaften der Zellen und die eigenartige und schnelle 
Entwicklung des ganzen Prozesses eine natiirliche Erklarung. 
Dieser game metaplastische Differenzierungsprozess diirfte 
also nur den speziellen Umwandlungstgpus vertreten, der in 
Schleimhaut mit zyklischer Funktion mbglich wird und dem 
die herrschenden Verhdltnisse so einen eigenen speziellen 
Charakter verleihen. 

Der von uns festgestellte schnelle Verlauf dieses zykli- 
schen metaplastischen Prozesses ist geeignet, Einwendungen 
hervorzurufen, Es kann namlich in Frage gestellt werden, ob 
der metaplastische Differenzierungsprozess sich iiberhaupt 
unter irgendwelchen Verhaltnissen in so kurzer Zeit, in einer 
Oder zwei Wochen, zu seinem Endstadium entwickeln kann. 
Die Entwicklungsdauer des metaplastischen Prozesses beim 
Menschen zu bestimmen, ist natiirlich ausserordentlich 
schwer. Darum habe ich auch in den friiheren Untersuchun- 
gen keine direkte Stiitze fur die von uns konstatierte Erschei- 
nung gefunden. In Tierversuchen begegnen wir dagegen dies- 
beziiglich deutlichen Hinweisen. So haben z. B. Wolbach und 
Howe in den Schleimhauten der von ihnen studierten Ver- 
suchstiere, und zwar auch in der Uterusschleimhaut, bei Fiit- 
terung der Tiere mit vollig A-vitaminfreier Kost eine Bildung 
von metaplastischem Plattenepithel hervorgerufen. Dieses trat 
nach verschieden langer Zeit auf. Die Anwendung von A-Vita- 
minen hinwieder fuhrt zum Ersatz des metaplastischen Plat- 
tenepithels durch normales, der betreffenden Schleimhaut 
eigentiimliches Epithel. Die ersten Symptome der Repnera- 
tion des Epithels sind schon am fiinften Tage und die voll- 
standige Regeneration, die jedoch in den Schleimhauten der 
verschiedenen Organe einigermassen variiert, etwa zehn Tage 
nach Beginn der Behandlung zu beobachten. Fiir die Regene- 
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ration sind also 10 Tage erforderlicli gewesen, obwohl das 
metaplastische Plattenepithel in mehreren Fallen stark kera- 
tinisiert war. Dieselbe Zeit geniigt offenbar auch fiir die 
metaplastische Umwandlung. Obgleich die Regeneration der 
Scbleimhaut beim Menschen langsamer erfolgt, ist die Pro- 
liferationsphase auf Grund des obigen Befundes in unserem 
Fall entschieden als fiir die Entwicklung des da auftretenden 
abortiven metaplastischen Plattenepithels hinreichend zu be- 
trachten. 

Bei der Analyse der Ursachen oder Reize, die zur Ent- 
stehung von Metaplasien in der Uterusschleimliaut fiihren 
konnen, mussen wir unser Augenmerk auf die krankhaften 
Erscheinungen richten, bei denen Metaplasien festgestellt 
worden sind. Von rein traumatischen Narbengeweben abge- 
sehen, wird in der Literatur das Vorkommen von Platten- 
epithel im Korpus Erwachsener manchmal im Senium, in ge- 
wissen Fallen bei Uterussarkomen, aber hauptsachlich nur 
im Zusammenhang mit verschiedenartigen Infektionen er- 
wahnt. 

Der Anteil traumatischer Faktoren ist in unseren Fallen 
schon durch die fruheren Darlegungen eliminiert worden. 
Ebenso konnte in unseren Fallen auch weder Sarkom noch 
Lues Oder Tuberkulose konstatiert werden. Die Bedeutung 
der Tuberkulose als atiologischer Faktor ist u. a. von Fran- 
que, Alterthum, Sitzenfrey und Bjorkenheim hervorgehoben 
worden. Ebenso wie Deelman babe ich auch in zwei Fallen 
meines Materials in der Mukosa des Korpus in der Nachbar- 
schaft eines tuberkulosen Prozesses oder an einen solchen 
anschliessend plattenepithelahnliche Partien festgestellt. Bei 
niiherer Untersuchung haben sich diese jedoch nur als reak- 
tive Akkomodationsprodukte und nicht als Metaplasien her- 
ausgestellt. 

In alien Fallen meines Materials war dagegen eine inflam- 
matorische Infiltration in der Mukosa zu sehen. In den Fallen 
1, 2 und 4 war sie ausserordentlich stark, in den beiden ersten 
fast ausschliesslich von Leukozyten verursacht, und auch in 
dem letzten standen die Leukozjden in den schwerer alterier- 
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ten Partien im Vordergrund. In Fall 3 waren die Infiltrations- 
zellen hauptsachlich von Plasmazellen und Lymphozyten ge- 
bildet, aber unter diesen fanden sich auch reichlich Leuko- 
zyten. In den beiden ersten Fallen ist ein sehr reichliclies 
Rundzelleninfiltrat iiberall in die Gewebe, bis in die Holden 
zwischen den metaplastischen Epithelzellen eingedrungen. 
Wenn man ansserdem in Betracht zieht, dass in Fall 4 Stellen 
vorhanden sind, wo die Zellinfiltration verhaltnismassig ge- 
ring ist, dass aber iiberall, wo die Epithelveranderungen 
schwerer sind, auch Exsudatzellen sowohl in der Umgebung 
als im Bereich des umgewandelten Epithels iiberaus reichlich 
auftreten und dass die Leukozyten in diesem Gebiet in grossen 
Gruppen in einen Driisenschlauch und in dessen Epithel, in 
das metaplastische Zellgewebe und die Nekrosen eingedrun- 
gen sind, so scheint es wahrscheinlich, dass die Infektion, die 
Bakterientoxine, einen, in unseren Fallen sogar vielleicht den 
wichtigsten Reiz zur Entstehung der Metaplasie darstellen. 
Vielleicht sind gerade diese Bakterientoxine und die leuko- 
zytare Infiltration, indem sie Alteration, ja vollstandigen Un- 
tergang des Epithels oder seiner oberflachlicheren Zellschich- 
ten herbeifiihren, die Ursache dazu, dass das erhaltene oder 
im Bereich der Erosion neugebildete Basalzellengewebe bei 
seiner Regeneration gezwungen gewesen ist, sich den ver- 
anderten Verhaltnissen in der Weise anzupassen, dass viel- 
leicht besser zu den herrschenden Verhaltnissen stimmendes 
Gewebe entsteht, das in diesem Fall Flatten epithel ist. 

versteht sich von selbst, dass die Bakterientoxine and 
die Exsudaizelleninfiltrationen nicht allein zur Entstehung 
von Metaplasien fiihren,'denn wenn das der Fall ware, wSren 
die metaplastischen Prozesse mehrmals hdiifiger, sondern 
ausser und neben der Infektion sind offenbar eine Anzahl Fak- 
toren wirksam, die wir nicht genauer kennen, von denen wir 
aber wohl doch einige anfiihren konnen. 

Als ein solcher spezifischer Faktor oder Zustand ist erstens 
das Senium oder der Zustand der Korpusschleimhaut zu be- 
trachten, bei dem die zyklische Funktion schon aufgehort 
hat. Bei den betreffenden Individuen ist denn auch das Vor- 
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kommen von Plattenepithel im Korpus sowohl im Zusammen- 
hang mit einer Infektion als bisweilen auch ohne eine solclie 
am haufigsten gewesen. Eine derartige ihrer zyklischen Funk- 
tion entkieidete, in gewisser Weise alterierte Schleimhaut ist 
offenbar mit der in anderen Organen und Hohlen auftreten- 
den bestiindigen Schleimhaut zu vergleichen, in der die Meta- 
plasien auch bedeutend haufiger als in dem normal funktio- 
nierenden Uterus sind. Von den Fallen unseres Materials ge- 
horen die zwei ersten zu dieser Gruppe. 

Die hormonalen metropathischen Veranderungen der Kor- 
pusschleimhaut, die wir u. a. in unseren beiden letzten Fallen 
konstatiert haben, spielen augenscheinlich bei der Entstehung 
der Metaplasien eine Rolle. Bezeichnet dies doch einen Zu- 
stand, bei dem die zyklische Funktion der Schleimhaut schwer 
gestort ist, hei dem, von der Hypertrophie der Schleimhaut 
ahgesehen, das Epithel sich lange Zeit erhalten und den ver- 
schiedenartigsten regressiven und regenerativen Veranderun- 
gen ausgesetzt werden kann, was alles dazu angetan ist, die 
Entstehung von Metaplasien zu erleichtern. Diese Auffassung 
wird auch dadurch hestiitigt, dass die Schleimhaut in Ver- 
bindung mit den sog. Plattenepithelknotchen ziemlich regel- 
massig verdickt, hypertrophisch gefunden worden ist. Diese 
Verdickung der Schleimhaut hat offenbar in den meisten Fal- 
len gerade eine metropathische Hypertrophie dargestellt, d. h. 
hauptsachlich eine von vermehrter und fortgesetzter Folli- 
kulin- und mangelnder Oder sparsamer Lutinsekretion her- 
riihrende Storung in der Entwicklung der Schleimhaut, ob- 
gleich die Schleimhautveranderungen lange nicht in alien ver- 
offentlichten Fallen genauer beschrieben worden sind. Ferner 
wird die von uns angefiihrte Auffassung u. a. durch die Un- 
tersuchungen von Miglivacca, Giimbrecht und McEuen an 
Versuchstieren unterstiitzt. Durch langere Anwendung reich- 
licher Mengen Follikelhormon hahen sie namlich hei ihren 
A^ersuchstieren eine an Metropathie erinnernde A^erdickung 
der Schleimhaut und zugleich eine Bildung von metaplasti- 
scheni Plattenepithel in der Korpusschleimhaut hervorge- 
rufen. 
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^ Das Obige berechtigt wohl zu der ScMussfolgemng, dass 
die metropathische Hgpertrophie der Korpusschleimhaut, die 
ein Idngeres Brhaltenbleiben des Epithels und zugleich auch 
dessen Alteration und Regeneration bedcutet, eine und zivar 
vielleicht eine ganz entscheidende Grundbedingung fiir die 
wdhrend der zyklischen Funktion des Uterus im Epithet statt- 
findende metaplastische Umwandlung darstellt. 

Wie schon oben in gewisser Weise gesagt wurde, sind die 
Avitaminosen und vor allem der Mangel des Vitamins A fur 
die Entstehung der Metaplasie von Bedeutung. Haben docb 
Wohlbach und Howe gezeigt, dass der Mangel des Vitamins A 
bei Ratten zur Alteration und Atrophic der Schleimhaute und 
schliesslich zur Bildung von metaplastischem Plattenepithel 
fiihrt. Diese Befunde sind zwar nur an Versuchstieren er- 
hoben, da aber die Reaktionsweise des Organismus mit der 
Entwicklung im allgemeinen die gleiche bleibt, darf man bei 
den genannten Mangeln ein Auftreten entsprechender Erschei- 
nungen auch in den Schleimhauten des Menschen als sicher 
ansehen. 

In den oben beschriebenen Fallen haben also Hormon- 
und Vitaminstdrungen zu Hypertrophic oder Atrophie der 
Schleimhaute und zugleich durch im Epithet auftretende ver- 
schiedenartige regressive und regenerative Prozesse zu meta- 
plastischen Erscheinungen gefiihrt. Obwohl die Stdrungen im 
Vitamin- und Hormonhaushalt deutlich zur Bildung von Meta- 
plasien beitragen, diirfte das doch nur als etwas Mittelbares, 
Bodenbereitendes, d. h. in der Weise zu verstehen sein, dass 
diese Storungen in den Schleimhauten einen Zustand schaf- 
fen, bei dem das Epithel langer erhalten bleibt und bei dem 
das alte Epithel oder die zur Oberflache hin reichenden Zellen 
des Epithels alteriert werden und die basale Zellschicht bei 
seiner Regeneration gezwungen ist, Gewebe, Plattenepithel, zu 
bilden, das besser zu den neuen, jeweils herrschenden Ver- 
haltnissen passt. Sowed es sich so verhdlt, ist es augenschein- 
lich, dass auch alte anderen Prozesse, die zu langer dauerndcn 
Hypertrophien oder Atrophien mit den obenerwahnten Epi- 
thelverdnderungen fiihren, dazu angetan sind, die Entstehung 
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von Metaplasien zu erleichtern. Von derartigen Fallen seien 
als Beispiele angefiihrt z. B. die verdickte, ja pol3"p6se 
Schleimhaut, die die Unebsnheiten Oder Bucliten der von sub- 
mukosen Mj^omen gebildeten Korpushoblen ausfiillt, die sog. 
Metropathia ex vacui, und andererseits die durch Myome Oder 
andere Ursaclien hervorgerufenen Druckatrophien Oder die 
von •Allgemeinkranklieiten berruhrenden sonstigen zu Atro- 
pine fiihrenden Prozesse in der Korpusschleimhaut. Ferner 
kann man sich als einen fiir Metaplasie disponierenden Fak- 
tor, ■s^de bei den Nasenpolypen, einen mechanischen Reiz den- 
ken, dem die Schleimhaut z. B. bei gestielten submukosen 
Myomen ausgesetzt werden kann. 

Von den oben geltend gemachten Gesichtspunkten abge- 
sehen, gibt es im Organismus und seiner Funktion natiirlich 
zahlreiche Faktoren und Storungen, die bei der Entstehung 
der metaplastischen Prozesse eine Rolle spielen konnen, deren 
Art wir aber noch nicht kennen. 


Schliesslich ist es am Platze, kurz auf die Frage von der 
genetischen Beziehung des metaplastischen Platt enepithels zu 
dem Karzinom einzugehen. Obwohl Meger und Deelman in 
der Korpusschleimhaut nie einen Zusammenhang mit im 
Korpus vorkommenden Plattenepithelkarzinomen, Kankroi- 
den, feststellen konnten, ist docli theoretisch die Moglichkeit 
dazu vorhanden. Diese Moglichkeit unterstreichen u. a. Hof- 
meier, Piering, Pfannenstiel und Gebhard, obgleich sie nicht 
imstande gewesen sind, sie bindend zu beweisen. Eine solche 
karzinomatose Umwandlung hat man denn auch in den mit 
Zjdinderepithel bedeckten Schleimhiiuten anderer Organe und 
in Papillomen konstatieren konnen; z. B. im Darmkanal 
(Hauser), in der Harnblase (Stenius), in der Nasenhohle 
(Saxen) und in experimentellen Papillomen bei Tieren (Fibi- 
ger, Deelman u. a.). Es ist offenbar, dass die Korpusschleim- 
haut in dieser Hinsicht keine Ausnahme macht, sondern dass 
die karzinomatose Umwandlung des metaplastischen Flatten- 
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epithets einmal bei spdteren Vntersuchungen nachgewiesen 
wird. 


ZUSAMMENFASSUNG. 

Die vorliegende Untersuchung iiber die Schleimhaut des 
Corpus uteri fusst auf 1000 Fallen. In drei Vierteilen war 
Curettenmaterial Gegenstand der Untersuchungen, in den an- 
deren Fallen bei den Operationen entnommene Gevvebsstiick- 
chen. Besondere Aufmerksamkeit wurde der Differenzierung 
der Korpusschleimhaut von der Schleimhaut der Umgebung 
unter anderem mit Hilfe der Muzinfarbung zugewandt. Bber- 
gangsepithel oder an eine niedrigere Differenzierungsstufe des 
Plattenepithels erinnerndes Epithel land sich in der Korpus- 
schleimhaut verhaltnismassig oft, ja in Dutzenden von Fallen. 
In den meisten handelte es sich jedoch nur um eine formale 
Akkomodation der Epithelzellen, aber in einera Teil schon 
sicher um eine Differenzierung des Epithels im Friihstadium. 
Nur in vier Fallen wurde das Vorkommen von metaplasti- 
schem Plattenepithel in der Schleimhaut sowohl als Deck- 
wie als Drusenschlauch epithel festgestellt. In drei Fallen ver- 
traten die metaplastischen Plattenepithelinseln ziemlich regel- 
rechtes, allerdings bis zu einem verschiedenen Differenzie- 
rungsstadium fortgeschrittenes Plattenepithel, worin in den 
weitest entwickelten Inseln die fiir das Plattenepithel kenn- 
zeichnenden Zellschichten konstatiert wurden, d. h. eine ty- 
pische Basalzellenschicht, von Stachelzellen gebildete Schich- 
ten, eine keratohyaline Zellschicht mit Horngewebebildung so- 
wie in einem Fall auch schon eine Bildung von Bindegewebs- 
papillen. In dem vierten Fall liess das umgewandelte Epithel 
einen Sondertypus erkennen. Auch da wurde festgestellt, dass 
das neugebildete Epithel gewisse fiir das Plattenepithel we- 
sentliche Eigenschaften besass, namlich neben einem von pri- 
mitiven Basalzellen und schon mit schwach entwickelten Inter- 
zellularbriicken versehene Stachelzellen stellenweise bereits 
ziemlich typische keratohyaline Schichten und Hornperlen. 
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Die verschiedene Differenzierungsstufen vertretenden Epi- 
thelinseln, die an gewissen Stellen unmittelbar aneinander- 
stiessen, sowie in Fall 4 das gleichzeitige Vorkonimen der ver- 
schiedenartigsten Ubergangsformen und Entwicklungsstadien 
in ein und derselben Gewebsprobe gestatteten, die Entwick- 
lung des inetaplastischen Differenzierungsprozesses von sei- 
nen Anfangsphasen bis zur Bildung einer Hornschicbt zu stu- 
dieren. Die Umwandlung begann in verlialtnismassig begrenz- 
ten Gebieten. An der Umwandlungsstelle wurde zunacbst eine 
Alteration der zur Oberflache bin reiclienden Epitbelzellen bis 
zu ibrer Zerstdrung gefunden, wobei die basalen Zellen ilire 
friibere Grdsse und Form beibehielten. Dieselbe Ursache, 
durch welche die Zerstdrung der oberflacbliclien Zellen be- 
vdrkt worden ist, hat dann zur Tiitigkeit der indifferenten 
basalen Zellen, d. h. zur Bildung von neuem, den Verhalt- 
nissen besser angepasstem Epithel gefiihrt, das sich in unse- 
ren Fallen als Plattenepithel mit den fiir es typischen Eigen- 
schaften erwies. Der Verlauf des Differenzierungsprozesses 
war in den drei erstgenannten Fallen langsamer und regel- 
massiger, so dass die verschiedenen Zellschichten die fiir das 
Plattenepithel charakteristischen morphologischen Eigen- 
schaften erlangt haben. In dem vierten Fall andererseits, in 
dem die Schleimhaut wenigstens noch teihveise ihre zyklische 
Funktion beibehalten hat, ist die Differenzierung, auch nach 
den zahlreichen Kernteilungsfiguren zu urteilen, schnell vor 
sich gegangen. So haben sich keine typische Basal- und keine 
Stachelzellenschicht gebildet, sondern die Zellen haben sich 
nur zu an diese erinnernden abortiven Zellen entwickelt, wie 
die Keratisierung neben den Schichtungen auch oft in Form 
einer primitiven Kornung aufgetreten ist. Der schnelle Verlauf 
des Prozesses hat oft auch zu Nekrosen des neugebildeten 
Epithels gefiihrt, die zahlreicli Hand in Hand mit Entwick- 
lungsstadien verschiedener Phasen angetroffen wurden. Diese 
schnelle und eigentiimliche Differenzierung vertrat den meta- 
plastischen Umwandlungsprozess, der in der noch an der zyk- 
lischen Funktion teilnehmenden Schleimhaut moglich gewor- 
den ist. 



158 


t)ber die zur Bildung von metaplastischem Plattenepithel 
fiihrenden Ursachen konnten an unserem Material eine An- 
zahl Beobachtungen gemacht werden. Exsudalzelleninfiltra- 
tion in der Mukosa wurde in alien Fallen konstatiert. Diese 
Infiltrationen und Bakteritoxine losen jedoch nicht allein die 
Bildung von metaplastischem Plattenepithel aus, sondern ne- 
ben ihnen konnten gewisse andere Faktoren nachgeniesen 
werden, die sicher bei der Entstehung dieses Prozesses eine 
Rolle spielen, Als solcher Spezialfaktor ergab sich erstens das 
Senium oder der Zustand der Mukosa, in dem die zyklische 
Funktion schon aufgehort hat. Zu dieser Gruppe gehorten die 
zwei ersten Falle. In den zwei letzteren Fallen himvieder ha- 
ben die auf hormonalen Funktionsstdrungen beruhenden me- 
tropathischen Schleimhautaffektionen des Corpus uteri eine 
offenbar entscheidende weitere Ursache zur Entstehung der 
Metaplasie gebildet. Von diesen weiteren Faktoren seien fer- 
ner die in der Behandlung des Materials angefiihrten hormo- 
nalen Storungen, der A-Vitaminmangel, mechanische Reize 
usw. erwahnt. 

In dieser Arbeit konnte ebensowenig vie in friiberen Un- 
tersuchungen mit Sicherheit das genetische Verhaltnis des 
metaplastischen Plattenepithels in der Schleimhaut des Cor- 
pus uteri zu dem Karzinom nachgewiesen werden. Es ist 
augenscheinlich, dass die Schleimhaut des Corpus uteri in 
dieser Beziehung keine Ausnahme von den anderen Schleim- 
hauten macht, sondern dass die karzinomatdse Umwandlung 
auch dieses metaplastischen Plattenepithels einmal bei spa- 
teren Untersuchungen festgestellt werden wird. 
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THE IN VITRO ACTION OF TRICHINA LARVAE 
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In 1938 Sarles demonstrated that precipitates developed on 
the cuticula, at the mouth, at the excretory pore and in the 
intestine of larvae of Nippostrongylus muris, an intestinal 
nematode of the rat, when they were incubated in rat immune 
serum (i. e. serum of rats which, after repeated infections 
with this worm, had acquired immunity to reinfection). Re- 
centl 5 h similar observations were made for the larvae of An- 
cylostoma caninum, the hookworm of the dog, by Otto (1940) 
and for those of Strongyloides ratti, a parasite of the rat, by 
Lawler (1940). Sarles and Otto, at any rate, saw also some 
inhibitory effect from these precipitates formed in immune 
serum on the ability of the larvae to develop, and all three 
authors assume a close correlation between this in vitro action 
of the immune serum and its protective properties in ^Ivo, 
substantiated by passive transfer of some degree of immunity 
to other animals. 

Already in 1917 Schwartz tested the in wtro effect of speci- 
fic immune serum on the larvae of Trichinella spiralis, but 
vwthout results. The present author has examined this ques- 
tion again, employing the following procedure; 

*) The author wishes to express his gratitude to the Rask-0rsted 
Fund, Copenhagen, for a fellowship which made possible this in- 
vestigation. 
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The infective trichina larvae were obtained from trichinous 
muscles of rabbits or guinea pigs (at least 8 weeks after infection) 
by artificial digestion, the meat being added, in the ratio of 1 to 20, 
to an aqueous solution of 0.5 per cent HCl and 1.0 per cent pepsin. 
This mixture was incubated for 12 hours at ST" C and then stirred 
constantly for another 4 hours, also at 37° C, whereafter it was poured 
through a 30-per inch wire screen into a large funnel, to the neck 
of which was attached a short rubber tube closed with a clamp. 
After standing for about 2 hours most of the larvae, freed from 
their cysts, but still well coiled up, had collected at the bottom of 
the funnel and could be drawn off by opening the clamp. They were 
then washed several times first with tap water and later with 
sterile saline so as to clean them as far as possible from adherent 
bacteria. 

For each sample, about 100 larvae were placed in the depression 
of a sterile hollow-ground slide (3.5 mm thick) and covered with 
nearl 5 ^ 0.5 cc of sterile unheated serum. Then, a sterile coverslip 
(24 X 32 mm) was laid over the depression, whereby care was taken 
to prevent air bubbles passing in. Finally, the coverslips were 
bordered Avith sterile vaseline. The preparations were incubated at 
37® C and examined at intervals under the microscope. 

Altogether, 12 sera of heavily trichinized guinea pigs, 7 
of heavily infected rabbits and 26 human sera (from abroad) 
from patients suffering from clinical trichinosis were tested, 
many of them several times. 

After from 3 to 6 hours, more or less distinct, bubble-like 
precipitates xvere seen at the anterior ends of many of the 
larvme incubated in immune serum. During the following 
hours, these precipitates increased in size and multiplied, so 
that sometimes a whole appendage of conglutinating precipita- 
tes could be seen adhering to the anterior end (fig. 1). The 
larvme were very active, waving their fore-ends in attempts 
to get rid of the adherent masses, and Avere almost ahvays suc- 
cessful. After from 16 to 24 hours, the serum thus contained 
larger or smaller quantities of such free, cast-off precipitates. 
These could be sharply formed as more or less regular bubbles 
of different size (fig. 2), AA'hich aa'us particularly the case in 
A'ery potent sera, especially those of rabbits or of man, Avhile 
in other sera, particularly in those of lesser potency (as e. g. 

those of guinea pigs), rather amorphous, finely granular pre- 

11 
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cipitates -were predominant. Even in those cases where hac- 
terial contamination interfered, it was often possible to 
distinguish between the bacterial growth and the precipitates. 

To sum up, of the 12 sera of infected guinea pigs, which 
were examined between the 56th and the 264th day after infec- 
tion, 10 yielded positive results, while the reaction of the other 

2 was dubious. All the 7 trichinized rabbits were positive when 
they were tested between the 14th and the 454th day after 
infection, while the examination, already on the 7th day, of 

3 of them resulted in a weak, positive reaction in the first, in 
a dubious reaction in the second, and in a negative in the 
third. Finally, all the 26 human sera which were tried about 
two and a half months after the epidemic had broken out, 
yielded definite positive results, though the potency of the 
indhidual sera was, oh\iously, somewhat varying. 6 control 
sera of uninfected guinea pigs, 9 control sera from rabbits, 
and 6 human control sera did not show reaction. 

In a special experiment, 0.1 per cent formaldehyde was 
added to the larvae to inhibit bacterial growth. Although the 
\’itality of the worms was not ^dsibly influenced, no pre- 
cipitates occurred in the immune sera, and the method had 
therefore to be abandoned. In another experiment, it was tried 
if the metabolic products of the larvae were alone able to 
evoke the specific effect. A great number of trichina larvae 
were incubated for 20 hours in sterile saline at 37“ C. Then the 
suspension was filtered through a No. 3 Seitz filter, and some 
drops of the filtrate were mixed on the hollow-ground slides 
with some very potent immune sera. After 24 hours’ incuba- 
tion at 37“ C no reaction was seen. This must lead to the 
conclusion that it is the immediate interaction between the 
living larva itself (which apparently in serum secerns an oral 
secretion of antigenic power) and the immune serum, which 
gives rise to the precipitation of the antibodies present. 

In contrast to the observations made with Nippostrongyliis 
nmris and Ancylostoma caninum, no deleterious effect of the 
precipitates on the larvae was seen. Mostly the larvae showed, 
both in immune and in normal serum, intense shrinkage of the 

11 * 
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posterior end after 24 hours’ incubation. This was obviously 
an unspecific reaction occurring in serum since it was not 
seen in larvae that had been incubated in saline. On the other 
hand, when trichina larvae which had been immersed for 2 
hours in immune serum at room temperature, were fed to 
guinea pigs, the resulting infestation of the muscles was just 
as great as wdien the same number of larvae immersed in 
normal serum or in saline was ingested. In this connection, 
it is also worth stressing that opinions differ greatly as to 
the protective value of immune serum in trichinosis. The 
present author (in experiments to be published later) has not 
as yet seen any noticeable effect of injections of immune 
serum on the course of the infection. 


Comparison of the usual Bachman precipitin test and the new 
microscopical test with living trichina larvae. 

In 1928 Bachman described a precipitin test in trichinosis, 
using an acid hydrolyzed extract of trichina larvae as antigen. 
This test, which proved to be of great diagnostical value in 
clinical trichinosis, has been several times modified by other 
investigators. The present author obtained very satisfactory 
results with the following simplified modification of the test: 

Trichina larvae, freed from their cysts in the manner described 
above and dried in a desiccator (with CaCl^) at 37° C, were pulverized 
in an agate mortar and suspended in physiological saline in the 
ratio 1 g to 100 cc. The suspension was allowed to stand in the 
refrigerator for some days, being shaken up several times every 
day. After 5 days of extraction, the mixture was passed through a 
No. 3 Seitz filter. The clear filtrate which corresponds to an antigen 
dilution of 1:100 could be stored in the refrigerator for many months 
without any loss of antigenic power. At each experiment, further 
dilutions, viz. 1:500, 1:1,000, 1:2,000, 1:4,000 and sometimes also 1:8,000, 
were prepared of the original fluid. In each of the precipitin tubes 
of 5 mm bore, 0.2 cc of undiluted, unheated serum was overlaid 
with 0.2 cc of one of the antigen dilutions employed. The tubes were 
allowed to stand at room temperature (18° C). A reading for the 
formation of a white ring at the junction of serum and antigen was 
taken after 1 hour, then the tubes were shaken up and after 
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hours read again for flocculation, which gave much more clear-cut 
positive results than the ring formation. 

The test was for the first time tried on 4 Swedish sera 
from persons who had suffered from trichinosis nearly a year 
before (L. G. Hallen, 1938)*). 2 of the sera were negative 
(the same sera had also proved to be negative, when they had 
been tested by Professor Trawinski, Lwow, in the acnte phase 
of the infection). One serum was slightly positive with the 
1:100 antigen dilution and the other strongl5^ positive up to 
1 :2,000. The latter serum was found to be negative when tested 
again after another 6 months. On the other hand, all the 26 
human sera (from abroad) mentioned above, which were 
tested more than 2 months after infection, gave positive reac- 
tions with the Bachman test, vdz. 1 up to 1:1,000 antigen dilu- 
tion, 16 up to 1:2,000 and 9 even up to 1:4,000, while 6 control 
sera were qnite negative. In guinea pigs, the Bachman test was 
not so effective as the new microscopical test ^^dth living lar- 
vae. Of 12 guinea pigs, heavily infected bj' the ingestion of 
from 500 to 1,000 larvae, only 3 showed a definite reaction 
with the Bachman test (1 only with 1:100 antigen dilution, 
2 up to 1:1,000). Of 8 rabbits, however, examined from the 
14th to the 454th day after the ingestion of from 30,000 to 
100,000 larvae, all were positive, in some cases even up to 
1 :8,000. But it is worth noting that one rabbit which was 
slightly positive with, the microscopical test already on the 
7th day, was at the same time still negative with the Bachman 
test. 

Nevertheless, the two tests on the whole showed a fairij' 
pronounced parallelism. Both seemed to be somewhat de- 
pendent on the severity of the infection in the strengths of 
their reactions, and both in the first weeks of the disease gave 
rather slight reactions which quickly increased up to a max- 


*) The author wishes to thank Dr. L. E. Hallen, Lindesberg (Swe- 
den), who was so kind as to provide the sera and give valuable in- 
formation about the cases. 
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imum lasting from 2 months to about half a year after infec- 
tion, then again very slowly decreasing. 

The conclusion can be drawn, therefore, that both reactions 
may be due to the same antibodies being present in the im- 
mune serum. But, while the Bachman precipitin test, of course, 
is much easier to employ as a routine diagnostical test in 
clinical trichinosis, the more complicated, but apparently more 
delicate microscopical precipitin test with living trichina lar^'ae 
might be an aid to the disclosure of early or other cases, where 
only a very slight antibody production has taken place. 


Summary. 

Living infective larvae of Trichinella spiralis, \vhen incu- 
bated at 37“ C in the sera of patients suffering from tri- 
chinosis or of guinea pigs or rabbits, experimentally trichiniz- 
ed, give rise to the formation in the sera of microscopically 
visible precipitates. However, no specific deleterious effect 
of such immune sera on the larvae has as yet been seen. The 
diagnostical value of this new microscopical test is compared 
with that of a simplified modification of the usual macro- 
scopical Bachman precipitin test (using a filtrate of the saline 
extraction of dried trichina larvae as antigen). Both reactions 
seem to depend on the same antibodies present in immune 
serum, but the microscopical test may sometimes be more 
delicate in the demonstration of very slightly developed anti- 
bodies. 
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ABSTRACTS — ANALYSES — REFERATE. 

Die vitalc Reaktion am Knochcn. Von Gerhart Panning. (Veroffent- 
lichungen aus der Konstitutions- und Wehrpathologie. Heft 45.) 
116 Seiten, 27 Abbildungen, Preis broscli. 7,50 RM. Verlag von 
Gustav Fischer, Jena 1940. 

Auf der Grundlage von Untersuchungen, die u. a. 3700 Schnitt- 
praparate sowohl von intravitalen als auch von postmortalen Kno- 
chenbriichen bei Menschen und Kaninchen umfassen, unterstreicht 
der Autor die auf jeden Fall dem Gerichtsmediziner nicht ganz 
unbekannte Tatsache, dass kleinere Blutungen an der Bruchstcllc 
nach Eintreten des Todes entstehen konnen, und dass man nur bei 
grosseren Blutaustritten mit voller Sicherheit von einer vitalen 
Reaktion sprechen kann. Die Todesursache und die Blutfiille der 
Gewebe spielen natilrlich eine bedeutende Rolle. 

Eine Infiltration mit polymorphkernigen Leukozyten fand sich in 
einem Falle vor, in dem 2V.t Stunde vom Trauma bis zum Eintritt 
des Todes veiTlossen waren, doch meint der Autor, dass die leuko- 
zytare Reaktion bier wie in anderen Geweben bereits Vs Stunde 
nach der Liision beginnt. Fettphagozytose fand sich ausnahmslos 
20 Stunden nach dem Trauma, doch gelang es nicht, an dem vor- 
liegenden Material festzustellen, wann der Prozess begann. 

Im Experiment zeigte sich Weichteilsnekrose 65 Min. nach der 
Entstehung des Bruches, aber in dem einen Falle, in dem eine 1 
Stunde alte Fraktur untersucht wui’de, hatte es keine Weichtcils- 
interposition gegeben; das diirfte doch eigentlich nicht die Moglich- 
keit einer Weichteilsnekrose ausschliessen. 

Die Arbeit, die ausschliesslich von Interesse fiir den Gerichts- 
mediziner ist, ist mit klaren und anschaulichen iMikrophotographien 
versehen. 


V. Eskelimd. 
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Karl-Heinz Kirscliner: »Ueber den Status varicosus und die Be- 
deutung der Konstitution fur die Entsteliung der Varizen 
insbesondere im Pfortaderbereich; zugleich Bericht uber eine 
eigenartige Form der Splenomegalie.« Veroff. a. d. Konstitu- 
tions- u. Wehrpathologie, Heft 44. Gustav Fischer, Jena, 1939. 
148 S. Preis brosch. RM. 10. — . 

Der Verfasser geht von dem Krankenblattauszug und Sektions- 
bericht tiber einen Fall von liocligradiger Varikose der Pfortader 
bei einem 23jahrigen, bisher gesunden Manne aus, bei dem der 
Tod infolge einer Blutung aus Oesopliagusvarizen eingctreten war. 
Die Rupturstelle ist deutlich auf der Photographie eines Oesophagus- 
praparates zu sehen, auf welchem die enormen Varizen mit blauer 
Gelatine injiziert worden waren. Die Sektion, die sehr griindlicli 
durchgefiihrt worden war, wird ausfiihrlich in alien iliren Details 
beschrieben. Der ganze Sektionsbefund in Verbindung mit dem 
jungen Alter des Patienten macht es wahrscheinlicli, dass eine 
anlagemass bedingte, krankhafte Venenverbildung vorgelegen hat, 
wie sie von der Konstitutionsforschung unter dem Begriff dcs 
»Status varicosus« in die moderne Pathologie eingefiihrt wurde 
und sinngeniass in der anatomischen Diagnose dieses Falles zum 
Ausdruck gekommen ist. Bei einer Untersuchung der Familie des 
Patienten fand der Verf., dass beide Eltern des Pat. sowie viele 
andere seiner Verwandten schwer varizenbehaftet waren. 

Auf der Grundlage dieser Befunde und einer sehr griindlichen 
Literaturdurchsicht betont der Verf., dass sich sowohl klinisch als 
auch genealogisch der Nachweis dafur ftihren lasst, dass der Status 
varicosus als ein erbliches Leiden aufgefasst werden muss, welches 
auch das Pfortadersystem umfasst. Die Splenomegalie, die bei Status 
varicosus mit Lokalisation im Pfortadergebiet vorkommen kann, 
ist wahrscheinlicli als konstitutionell anzusehen, und beide Ano- 
malien sind auf die gleiche genetische Wurzel einer allgemeinen, 
im Mesenchym verankerten Bindegewebsschwache zuriickziRuhren. 
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STUDIES ON HEREDITARY DWARFISM 
IN MICE. IV.*) 

ON THE FUNCTION OF METABOLIC ACTIVE HORMONES 

IN THE ANTERIOR PITUITARY DWARF MOUSE.** ***) ) 

By Carl J. Mollc7ibach.‘ ") 

(Received for publication March 15th 1940) . 

The investigations, which are to he accounted for here, 
have been carried out on dwarf mice whose dwarf growth is 
due to a hereditary defect of the anterior lobe of the pituitary 
body. The rule of descent has been previously investigated by 
G. D. Snell, who found that the character was recessive and 
dependent on a single gene. 

In a series of works Philip Edw. Smith, MacDowell, T. 
Kemp, L. Marx and others have illustrated various defects in 
the endocrine function of these animals. According to these 
investigators the defect of the anterior lobe of the pituitary 
body, which seems only to embrace eosinophil cells of the 
anterior lobe, must he considered to he the primary in relation 
to which other endocrine disturbances which have been 
discovered are secondary. 

It is presumably justifiable to consider the animals with 
the hereditary defect of the anterior lobe of the pituitarj' body 


*) Previous publications in this series: 

,\cta path, et microbiol. Scand. XIII, 1936, 512 og 
» XIV, 1937, 197 

» Suppl. XXXVII, 1938, 290 

» XVIII, 1941, 20. 

*■) given as a lecture in sliglitly altered form to the Biol. Soc. 

Copenhagen d. 1-4. Feb. 1940. 

***) Tlic Author wishes to express his gi’atitude to Frk. P. A. Brandts 
Legat for a grant which made possible this investigation. 

Acta path. Vol. XVIII, II 
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as partially hypophysectomized, and, it %\ill, therefore, be of 
interest to review those metabolic anomalies which have been 
found as a result of the various forms of experimental hypo- 

physectomy (isolated extirpation of the anterior lobe total 

hypophysectomy etc.). 

The first to show that there was a relationship between hjT)o- 
physical ailments and metabolic anomalies was Loeb, who pointed 
out that glycosuria appeared with certain hypophyseal tumours. 

Works by Borchardt (1908) and H. Cushing (1912) pointed.especial- 
ly towards the posterior lobe as being of importance for carbo- 
hydrate metabolism. Later, attention has been drawn, particularly 
by B. A. Houssay and his collaborators, to the fact that the function 
of the anterior lobe was of importance for metabolism. 

In 1924 Houssay and Magenta showed that hypophysectomized 
dogs were extremely sensitive to insulin. One was, however, at that 
time most inclined to suppose that this was due to the removal of 
the posterior lobe. 

E. M. JL Geiling's, D. Campbell's and Y. Ishikava's works from 
1927 supported this opinion. 

In 1929 Houssay and Potick showed that the anterior lobe of the 
pituitary body of toads can be removed without injury to the 
posterior lobe. These animals were found to be very sensitive to 
insulin. A daily dose of anterior lobe tissue counteracted this hyper- 
sensitivity while doses of pars intermedia or pars posterior were 
without effect. Similar results have later been achieved in mam- 
mals by a long line of authors — Cori, Russel and others. 

It was concluded that, if the secretion of the anterior lobe was, 
amongst other things, of importance for the restricting or the hin- 
dering of insulin effect, i. e. it was antagonistic to insulin, then 
hypophysectomy would cause an improvement in a diabetic state. 
This was confirmed in 1930 — 1932 by Houssay and Biasotti. 

In recent years a great number of papers referring to this 
hormonal regulation have appeared. A few only, representing the 
main trend of opinion, shall be mentioned here. 

Followng Houssay's assumption of a direct antagonistic effect of 
the secretion of the anterior lobe on insulin Lucke (1934) showed 
that hypopliysectomy certainly improved a diabetic state, but t le 
same effect could be achieved by the e.vtirpation of the suprarenal 
glands. It was assumed that the seci-etion of the anterior lobe o 
the pituitary body operated via the mesencephalon — sympatlncus 
— nervi splanchnic! on the medullary part of the suprarenal gland, 
which, in turn, has a hormonal effect on the liver glycogen, so 
that this is mobilized as glucose. 
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0. Cope and H. P. Marks showed that hypophysectomized animals 
certainly released normal quantities of adrenalin after an insulin 
injection, but that the adrenalin was not capable of releasing the 
liver glycogen in the normal waj”^ and thus maintain the normal 
blood sugar values. The hyperglycemic effect of injected adrenalin 
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1) Houssay, Klin. Woch. 11, 1529. 1932. 

2) Lucke, Ergeh. d. inn. Med. u. Kinderheil. 46, 94, 1934. 

3) Cope & Marks: J. Physiol. 83, 157, 1934. 


Fig. 1. 


was also decreased. The thyroid function was found to be without 
influence on these conditions. It was considered that the secretion 
of the anterior lobe was necessary to render liver glycogen 
susceptible to suprarenal secretion (adrenalin). 

Fig. 1 shows schematically the opinions mentioned with regard 
to the effect of metabolic active hormones. 

Meanwhile other interpretations have also been proposed. Long 
and L^ikens, for example, are of the opinion that the decisive factor 
is not the function of the medullary pai't of the suprarenal glands 
but of its cortex, in that diabetogenic extracts of the anterior lobe 
of the pituitary body are of no effect in cases where the cortex of 
the suprarenal glands is lacking. 

These authors have produced a crystalline substance from 
suprarenal cortex which activates glucose formation from protein. 

Other works exist besides those already mentioned. Anselmino, 
for instance, who, partly in co-operation with Hoffmann, has brought 

12 * 
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important arguments to bear on tlie discussion on metabolic active 
hormones. It should be mentioned that be accepts both the counter 
insulinary principle described by Lucke and also the diabetogenic 
hormone found by Houssay, in that he maintains that their functions 
are different, amongst other reasons also because the anthinsulinary 
hormone has a far quicker effect after injection than was described 
by Houssay. 

Anselmino mentions a couple of hormones having effect on carbo- 
hydrate metabolism, — the corticotropic anterior lobe hormone and 
that hormone which has been described by Effkemann (1935), the 
carbohydrate metabolism hormone which, in the course of a very 
short time, is capable of emptying all glycogen depots. 

It is Anselmino too who has described the so-called ketogenic 
hormone of the anterior lobe which is without effect on carbo- 
hydrate metabolism. 

That the diabetogenic »hormone« does not bear its name without 
cause has been proved by F. G. Young (1937). After an injection 
treatment over a considerable period he produced in dogs a veritable 
diabetic state which remained for years after the hormone injections 
had ceased. Postmortem examination of these dogs revealed 
pronounced degeneration of the cells of the islets of Langerlians. So 
the term »hormone« can not be said to be adequate. 

A number of investigations regarding the diabetogenic hormone 
have also been carried out in Denmark. T. Bjering, amongst others, 
has shown that it is to be found in great quantities in the urine of 
pregnant women and in that of certain diabetics where the ketogenic 
hormone (the fat metabolism hormone) and the carbohydrate meta- 
bolism hormone are also present. 

The results are remarkable in that abundant quantities of 
eosinophil cells are to be found in the anterior lobe of pregnant 
women. Corresponding conditions have been found in aci’omegals, 
but hardly in diabetics. 

There thus exists a great material concerning investigations 
of various grades of failing function of the anterior lobe and 
concerning certain forms of partial hyperfunction (the various 
types of chromophile adenomata, increase of the eosinophil 
cells in the anterior lobe under certain conditions). 

On the other hand, however, I have found no works on 
spontaneous partial hypofunctions in animals apart from the 
former investigations on that mouse strain which I have 

employed in my experiments. 

As has been mentioned a defect of the anterior lobe ot the 
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pituitary body is present in a number of the mice in this 
strain, and this has been proved to be due to an elective, 
almost total lack of eosinophil cells. 

All the individuals of the strain which are struck by the 
defect become dwarfs and differ in many respects from the 
normal. The appearance and physiolog3' of these dwarfs can 
shortly be described as follows: 

The dwarf growth is first apparent in the second week. The 
dwarfs remain small and their weight hardly exceeds — ''■/s of 
that of their normal brothers and sisters. The shape of the head is 
broader than is normal. The nose is short and blunt, the ears small 
and rounded. 

The posture differs from the normal, the dwarfs being more 
crouching, short, almost spherical in appearance, in contrast to 
normal mice which are rather long and slim. 

The gait is slow and stiff. The coat not smooth, thick and glossy 
as in normal mice, hut more ragged, thinner and almost dull. 

Metabolism is considerably reduced — to c. 60 % of the normal. 

No information is at hand as to the functioning of the heart, 
liver, kidneys, lungs or digestive tract. The mice eat well, and are 
able, when they are about a month old, to manage without their 
mother provided the temperature is suitable; they are very sensitive 
to cold and succumb easily if the temperature in the cage drops 
below c. 20—22® C. 

The dwarfs are, moreover, sterile; their sexual organs are not 
absolutely infantile but the testes and ovaries onlj' attain a certain 
slight degree of development. Castration produces distinct changes 
in the secondary sexual characteristics. 

Former investigators have pointed out considerable changes in 
the endocrine organs. Sjnilh and MacDowell have, for instance, 
shown that the anterior lobe of the pituitary body is hypoplastic 
with complete or almost complete lack of eosinophil cells. 

Later investigations by T. Kemp and L. Marx (1936—37) showed: 
The thymus comparatively small; the thyroid gland presented 
distinct and in part very widespread fatty degeneration of the epi- 
thelium; no tj-^pical differentiation of the cell strings was found in 
the parathyroid gland, the cells being small with a slight amount 
of protoplasm; the testes and ovaries only slightly developed, almost 
infantile; the medullary part of the suprarenal gland normal; the 
cortex somewhat small, zona fasciculate was especially small and 
zona reticularis especially defective in development; the pancreas 
seemed normal in young dwarfs but was found to be pronouncedly 
atrophied in the elder. An exact investigation of the amount of the 
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tissues in the islets of Langerhans in normal mice and in dwarfs 
of different ages has, however, not yet been published. 


Own investigations: 

As, by reason of the nature of the defect of the anterior 
lohe of the pituitary body, it could be presumed that these 
dwarfs presented anomalies in their carbohydrate and fat 
metabolism, and, as there did not exist any investigations in 
this matter, I decided to examine certain aspects of their 
metabolic functions by: 

1) Microscopic examination of the fat and glycogen con- 
tent of the liver cells after feeding on a standard diet. 

2) Microscopic examination of the fat and glycogen content 
of the liver cells in animals fed on a standard diet and 
then starved for a week. 

3) Examination of the sensitiveness of dwarfs and normal 
mice to insulin. 

So as to have as good an animal material as possible I 
have, in all the experiments, only used dwarfs having normal 
brothers and sisters of the same sex which were used as 
controls. Animals ranging in age from 14 days to a good 6 
months with a difference in age of 2 weeks have been ex- 
amined. The examination has embraced both males and fe- 
males but no difference in the deposits in the liver cells 
conditional upon sex was apparent. The above described choice 
of material has entailed the stretching of the experiments over 
a number of months. 

As the diet is of especial importance for liver deposits it must 
be stated that the diet the animals received was in every way suf- 
ficient. Two diet forms were used: 

1) Alternately salad, spinach, corn, rye bread and cod liver oil, 
milk and white bread together with water. 

2 } Cooley’s Standard feed: dried milk 490 g., casein 735g., vegetable 
fat 245 g., Lucerne meal 145 g., ground wheat 3.320 g., cooking 
salt 50 g., chalk precipitate 75 g., cod liver oil 12 ccm., water 6 . 

A change over from tlie one diet to the other was made after 
it had been proved by control experiment that the liver cell deposi s 
did not change in character. 
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Group i. 

Examination of the fat and glycogen content of the liver 
cells in animals on standard feed. All the animals were killed 
at the same time of day (10 — 11 a. m.). No preliminary 
starvation period. 


Postmortem results: 

Normal Mice: 

Vigorous; good musculature; 
abundant fat deposits. Liver: 
large, pale, yellowy-brown. 

Microscopic examination: 
Normal Mice: 

In celloidin section stained ac- 
cording to Best abundant glyco- 
gen was found in the cells. 

In freezing section stained with 
Sudan extremely abundant fat 
deposits were to be seen. The 
fat occurred in all parts of the 
lobules; the fat granules in the 
liver cells varied greatly in size, 
from some fine as dust to others 
lai’ger than the nucleus. No de- 
generative changes. 


Dwarf Mice: 

Small; musculature fairly well 
developed; slight fat deposits. 
Liver: small, darker, reddish- 
brown. 


Dwarf Mice: 

In colloidin section stained ac- 
cording to Best very abundant 
glycogen was found in the cells, 
far more than in the normal. 
The deposits were of the greatest 
intensity in the central parts of 
the lobules and round about 
venae sublobulares. In freezing 
section stained with Sudan only 
rather scanty fat was found. It 
was deposited especially in the 
intermediary and peripheral 
parts of the lobules. 


There was thus a distinct difference in the fat and glycogen 
deposits in the livers of normal mice and dwarfs; the dif- 
ference was, however, still more marked when the animals 
had fasted for a time. 


Group 2. 

Examination of the deposits in the liver cells of animals 
which have been starved for 24 hours after having been fed 
on a meagre diet i.e. scant bread and water 1 week. The 
animals were killed as in group 1. 

The autopsy showed macroscopic conditions as in group 1. 
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Weighing of the extracted livers revealed, as did the -weight 
of the animals, great variation. The liver weight expressed in 
pet. of the body weight varied from c. 3 — 8 %. Tliere was, 
however, as appears in table 1 and fig. 2 a pronounced ten- 
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dency for the liver weight of the normal mice, also expres- 
sed in pet. of their body weight, to be considerably greater 
than the corresponding weight proportions of the dwarfs. 

As especial interest is attached to this experimental group 


Liver 
-eight 
In pet. 
of todp 
-eight. 


Hr.?. 


Korsalt O 



the results of the microscopic examination of each individual 
animal in this group are reproduced in table 2. 


Microscopic examination with regard to the fat content of the 
liver. 

The examination was conducted on 5 — 7 «, thick freezing 
section. The fat was stained with Sudan and the nuclei iidth 
hematoxj'lin. All the organs examined revealed normal tissue 
structure, although it must he remarked that the dwarf livers 
give the impression of having a somewhat inferior degree of 
tissue differentiation to the normal (see table 2). Tliis is 
probably connected with the lesser size of the dwarf organs. 


Microscopic examination with regard to the glycogen content 
of the liver. 

The examination was conducted on a c. 10 thick cel- 
loidin section. The nuclei were stained with hemotoxylin and 
the glj'cogen according to Best’s method (see table 3). 
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Microscopic examination with regard to the fat content of the 
liver cells. 

Table 2 . 
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Microscopic examination with regard to the glycogen content 
of the liver cells. 


Table 3. 


Experi- 

ment 

Nr. 

D = 
Dwarf 
N = 
Normal 

Age in 
weeks 

Glycogen in Lobules 

Glj'cogen in 
cells round 
about vv. 
sublobulares 

centrally 

inler- 

medially 

peripherally 

43 

D 

2 

+ + + 

+ + 

4- -f 

+ 

45 

N 

2 

+ 

+ 

+ 

(+) 

44 

D 

2 

+ + + 

+ + 

++ 

(+) 

46 

N 

2 

+ 

+ 

+ 

(+) 

15 

D 

3 

+ + 

4- 4~ 

+ 

++ 

16 

N 

3 

(+) 

(+) 


-1- 

13 

D 

3,5 

+ + + 

+++ 

+ + + 

++ + 

14 

N 

3,5 

+ 

4~ 4- 

+ 


27 

D 

5 

+ 

++ 

++ 

+ 

28 

N 

5 

-i- 

-i- 

-i- 

-7- 

11 

D 

7,5 

4- 4* 

+ 

4“ 

+ 

12 

N 

7,5 

+ 

+ 

-f- 

+ 

63 

D 

8 

4- ^ 

++ 

+ 

+ 

19 

D 

10 

+ 

+ 

(4-) 

-T- 

20 

N 

10 


-i- 


-V- 

5 

D 

10 

4-4-4- 

4" 4- 

4" 

4~ 4" 

. 6 

N 

10 




-r- 

1 

D 

11,5 

+ 

+ + 

4" 

( + ) 

2 

N 

11,5 

(+) 


-H 

H- 

3 

D 

11,5 

+ + + 

4" 4- 

+ 

+ + 

4 

N 

11,5 

-f- 

-T- 

-i- 

-i- 

21 

D 

12 

++ 

+ 

+ 

+ 

22 

N 

12 


-f- 


-4- 

25 

D 

13 

4" 

+ 

4~ 

(+) 

26 

N 

13 

-i- 

-X- 

-7- 

-f- 

7 

D 

15 

+++ 

+ + + 

+ + 

+ + 

8 

N 

15 

-t- 

-i- 

-i- 


9 

D 

16 

++ 

+ 

+ 

+ 

10 

N 

16 

-i- 


-1- 


23 

D 

21 

+ 

4~ 4- 

+ 

-i- 

24 

N 

21 



-H 


17 

D 

24 

+ 

+ 

+ 

+ 

18 

N 

24 




-4- 


no glycogen ++ abundant glycogen 

(+) scant glycogen + + + very abundant glycogen 

+ some glycogen 
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To illustrate the metabolic function of these mice I have, 
furthermore, in collaboration with E. Bartels, examined their 
resistance against insulin. 

Owing to the small size of the dwarf mice it is not pos- 
sible to obtain sufficient blood for a blood sugar determination 
without killing the animal, in which case sufficient blood for 
one determination only can be obtained, and sometimes one 
must even be content with a half portion blood to make the 
determination, which does not increase its accuracy. 

We have, therefore, elected to use the appearance of hypo- 
glycemic cramps as a test. 

In our preliminary experiments we found that, after having 
been starved for 24 hours our normal mice got cramps about 
a couple of hours after receiving insulin doses which lay 
about 8/1000 I. E. insulin pr. 3,5 g. body weight. 

We then selected pairs of brothers and sisters (dwarf -f 
normal mouse of the same sex) of different ages which, after 
24 hours starvation, were given a dose of insulin proportionate 
to their weight, after which the cages containing the mice so 
treated were placed in a temperature of c. 25® C. 

It appears that quite young mice — both dwarf and 
normal — have a relatively high insulin tolerance. Where the 
animals have attained an age of c. 4 — 5 weeks the dwarfs 
show throughout a far greater insulin sensitiveness than the 
normal, in that the dwarfs most frequently get hypoglycemic 
cramps before an hour has elapsed, while the normal mice do 
not usually get cramps even after the course of 2 hours. 

The results appear in table 4 I and II and in the graphic 
presentation fig. 3. It will be seen that a few' normal mice 
are somew'hat insulin sensitive, but, in these cases it will also 
be found that the corresponding dwarfs show an even greater 
sensitiveness to the treatment. 

The investigations have thus shown that, between normal 
mice and dwarf mice which are kept on an ordinary good diet, 
there is a distinct difference in the amount of glycogen and 
fat deposited in the liver cells, in that livers from the normal 
mice contain abundant quantities of both fat and glycogen. 
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Table i. — I. 


Experi- 
ment Nr. 

Age in 
weeks 

D = 
Dwarf 

N = 
Normal 

Sex. 

Body 
weiphl 
in R. 

Insulin 
close in 
Vio CC. a 

"■/looo I. E. ; 

Time in minutes 
till the appea- 
rance of hypo- 
glycemic cramps 

27 

2,5 

D 

2 

5)0 

1,5 

117 


— 

N 

2 

6,0 

1,5 

100 

24 

3 

D 

c5 

6,0 

2,0 

>120 


— 

N 

6 

11,0 

4,0 

>120 

10 

3,5 

D 


4,5 

1,5 

>120 


— 

N 


9,5 

3,0 

> 120 

11 

3,5 

D 


6,0 

2,0 

>120 


— 

N 


9,0 

3,0 

>120 

19 

4,5 

D 

6 

6,5 

2,0 

127 



N 

6 

12,0 

4,0 

59 

20 

4,5 

D 

6 

4,0 

1,0 

>120 


— 

N 

6 

11,0 

3,0 

>120 

13 

5 

D 

2 

6,5 

2,0 

37 


. — 

N 

(5 

17,0 

5,0 

70 

26 

5,5 

D 

6 

7,0 

2,0 

73 


— 

N 

6 

19,5 

5,0 

>120 

15 

6,5 

D 


6,0 

2,0 

30 


— 

N 


21,5 

7,0 

34 

9 

6 

D 


• 6,0 

2,0 

64 



N 


19,5 

6,0 

>120 

8 

6,5 

D 


4,5 

1,5 

60 


— 

N 


17,5 

5,0 

>120 

7 

7 

D 


6,5 

2,0 

53 


— 

N 


22,0 

6,0 

63 

17 

7 

D 

2 

7,0 

2,0 

36 


— 

N 

cJ 

30,0 

8,0 

>120 

31 

7 

D 

c5 

8,0 

3,0 

113 


— 

N 

6 

18,5 

6,0 

>120 

38 

8 

D 

6 

7,5 

2,5 

33 


— 

N 

c? 

23,0 

8,0 

>120 

25 

8 

D 


7,5 

2,0 

46 


— 

N 

2 

21,0 

6,0 

>120 

21 

8 

D 

6 

5,5 

1,5 

55 


— 

N 

6 

20,0 

6,0 

>120 

6 

8 

D 


4,0 

1,5 

35 


— 

N 


19,0 

5,0 

>120 

18 

8,5 

D 

6 

7,0 

2,0 

42 


— 

N 

6 

25,0 

7,0 

>120 
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Table 4. — II. 
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but the dwarfs’ livers do not contain great quantities of fat, 
as the dwarfs seem to have difficulty in depositing fat at all 
while, on the other hand, the glycogen content of the liver is 
great. 

If the animals are star%'ed it is found that the glycogen 
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in the normal mice is quickly and almost completely mobilized, 
contrary to the fat which only slightly diminishes. 

The dwarfs seem to he capable of readily mobilizing the 
little fat they are able to deposit, but they are not capable of 
mobilizing the glycogen depots in the normal way. 

The dwarfs are far more sensitive to insulin than are 
normal mice. 

If the experimental results in the literature mentioned 
above be compared with the experimental results of the in- 
vestigations of dwarf mice: abundant liver glycogen, dimini- 
shing with age and readily mobilizable; scant fat content; 
great insulin sensitiveness etc. it will seem that the experi- 
ments support the opinion that the former proven lack of 
eosinophil cells in the anterior lobe of the pituitary body in 
dwarfs not only causes the partial lapse of the growth hor- 
mone, the gonadotropic, the thyrotropic and the parathyro- 
tropic hormones of the anterior lohe, but it also causes a 
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deficient secretion of one and perhaps of several metabolic 
active hormones which influence carbohydrate metabolism 
and fat metabolism. 


Summary. 

Microscopic investigations with the object of examining 
the fat and glycogen content of the liver cells, and especially 
the mobilization of these substances during fasting have been 
carried out on mice belonging to a strain in which appears an 
hereditary dwarf growth due to a complete or partial lack 
of eosinophil cells in the anterior lobe of the pituitary body. 
Organs from both normal and dwarf mice have been investigat- 
ed, partly after feeding with Cooley’s standard feed and partly 
after a fasting period. The fat deposits in the dwarfs were 
found to be very scanty in all cases. After Cooley’s standard 
feed it was found that the liver of the dwarf mice contained 
very abundant quantities of glycogen more than that of the 
normal control animals; the fat content on the other hand 
was scanty in the dwarfs whilst the normal mice had very 
abundant quantities of fat in their livers. 

If the animals were starved it was found that the glycogen 
in the normal mice was rapidly and almost entirely mobilized 
contrary to the fat which only diminished slightly. The dwarfs 
seemed to be able to mobilize easily that little fat they were 
capable of depositing, but they were not able to mobilize the 
glycogen deposits in the normal way. 

The dwarf mice were more sensitive to insulin than the 
normal ones. It was supposed that the lack of eosinophil cells 
in the anterior lobe of the pituitary^ body caused a hyposecre- 
tion of one or more metabolic active hormones. 
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UNTERSUCHUNGEN UBER CATGUT. I. 

VERGLEICHENDE VERSUCHE UBER DIE RESORP- 
TIONSZEIT IN RATTENMUSKULATUR. 

Von Henry M. Christensen und Paul V. Marcussen. 

(Eingegangen bei der Redaktion am 30. April 1940). 

Wenn die moderne Chirurgie immer noch Catgut fiir ver- 
senkte Suturen verwendet, beruM dies ausschliesslich auf der 
Resorbierbarkeit dieses Materials. Diese Eigenschaft, die be- 
reits im Altertum bekannt war (vgl. die limfassende tlber- 
sicht von Bullock, Lampitt & Bushill), kann indessen nur aus- 
genutzt werden, wenn zwei Hindernisse iiberwunden werden: 
1) Die technische Schwierigkeit der Verarbeitung des orga- 
nischen Gewebes (Schafdarm) zu einem Faden von ausrei- 
chender Festigkeit und Geschmeidigkeit im Verhaltnis zur 
Dicke; 2) Die Schvierigkeit einer effektiven Sterilisation des 
Darmgewebes, das fast immer sehr resistente Bakterienspo- 
ren enthalt, und das selbst von den meisten bakterientotcnden 
Prozessen stark beeinflusst wird. Ein verwendbares Catgut 
muss daher in drei Beziehungen gewisse Forderungen erfullcn 
kdnnen: Mechanische Eigenschaften, Sterilitat und Resorbier- 
barkeit. 

Die technische Bearbeitung des Schafdarmes ist ein altes 
Handwerk, dessen Methoden bekannt und erprobt sind. Das 
Problem der Catgutherstellung liegt zur Zeit in der Forderung 
nach absoluter Sterilitat, Avie dies in den letzten Jahren be- 
sonders von amerikanischen Verfasscm scharf hervorgchoben 
wurde {Meleneij & Chatfield, Clock, Dalrijmple-Champncys, 
Brewer ) . 
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Wenii auch die cliemischen Sterilisationsmethoden bei 
einer absolut korrekten Durchfulirung gute Resultate ergeben 
konnen, so geht die Tendenz doch mehr in der Riclitiing der 
physikalischen Methoden, da es sick erwiesen hat, dass ein 
sehr grosser Prozentsatz dor chemisch behandelten Praparalc 
nicht zuverlassig steril war (Clock). Die Warmesterilisicrung 
enthiilt wie jede Methode die Gefahr, andere wiclitige Eigen- 
schaften des Fadens wie Zerreissfesligkeit und Resorbierbar- 
keit zu beeinfliissen. Wahrend die Zerreissfestigkeit und Ge- 
schmeidigkeit des Fadens einer exakten Beurteilung leicht 
zuganglicli sind, ist es schwierig, auf die Haupteigenschaft des 
Catgutfadens, die Resorbierbarkeit, Schliissc zu ziehen. 

Bei Durchgang der Literatur finden wir eine bedeutcnde 
Anzahl Methoden, die in der Hauptsache in drei Gruppen ge- 
teilt werden konnen: 

1) Bestimmung der Tensionsstarke (oder Zerreisspunkt) 
in vitro. 

2) Bestimmung der Tensionsstarke (oder Zerreisspunkt) 
in vivo. 

3) Histologische Beurteilung des Resorptionsverlaufes im 
Tier^’ersuch. 


ad 1. Durch Digestionsversuche ist die Wirkung einer ein- 
fachen Erweichung des Fadens untersucht worden. Mayer 
fand, dass diese zu keiner vollstiindigen Aufldsung des Fadens 
fiihrte, wies aher nach, dass Leimwasscr den Faden in mch- 
rere erweichte Teile zerlegte. Serum wirkte bei 30° — 40° sehr 
langsam auf Catgut, und Galle konnte den Faden im Laufe 
von 18 Monaten nicht auflosen. Brunner zeigte, wclche Be- 
deutung die Anwesenheit von Leukozyten hatte. Beim Stehen- 
lassen in Eiter wurde der Faden im Laufe von 9 Tagen total 
destruiert, wogegen eine sichtbare Beeinflussung bei Stehen- 
lassen in Serum allein oder in Serum mit einer Bakterien- 
kultur wiilirend 42 Tagen nicht festzustellen war. 

Diese Versuche sind 1928 von Howes wicderholt und er- 


:$• 
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weitert warden. Es wurde die Tensionsstarke des Padens als 
Test verwendet, und die Untersuchungen zeigten den Unter- 
schied in der Abnahme der Tensionsstarke, wenn der Catgut- 
faden von frischem Serum, infiziertem Serum, Aleuronatexsu- 
dat und physiologischer Salzlosung beeinflusst wurde. Die 
Tensionsstarke ging im Serum etwas zuriick, schneller im 
Aleuronatexsudat, aber am schnellsten im infizierten Serum. 
Auch in physiologischer Salzlosung wurde eine recht grosse 
Abnahme der Tensionsstarke festgestellt. Die Versuche zeig- 
ten somit, dass der Faden einen Teil seiner Festigkeit beim 
Erweichen in den verw'endeten Flussigkeiten verlor, und dass 
das Vorhandensein von Bakterien die Auflosung begunstigte, 
was mit den Ergebnissen der Tierversuche von Howes u. a. 
iibereinstimmte. Die Versuche mit Aleuronatexsudat wurden 
mit taglicher Erneuerung des Exsudats wiederholt. Hierdurch 
wurde die Schwachung der Zerreissfestigkeit des Fadens 
merkbar beschleunigt. 

In einer Anzahl von Versuchsreihen wird Digestion mit 
proteolytischen Enzymen angewandt. So benutzte Reil eine 
Pepsin-Ameisensaureldsung. 

Kraissl & Meleney haben eine ahnliche Pepsinmethode an- 
gewandt. Die Untersuchungen zeigten, dass die Zerreissfestig- 
keit bei Catgutfaden von zehn verschiedenen Herstellerfirmen 
wahrend der Digestion in verschiedenem Grade abnahm, wab- 
rend sie bei verschiedenen Faden von derselben Firma in glei- 
cher Weise abnahm, ein Verhalten, das sich mit den Erfab- 
rungen vergleichen lasst, die man in bezug auf die Wirkung 
verschiedenen Stoffe auf Catgut wahrend der chemiscben Ste- 
rilisation gemacht hat. Catgut, das durch Kochen sterilisiert 
wird, zeigte sich weniger resistent als anderes Catgut; nicht- 
sterilisiertes Catgut wurde am langsamsten beeinflusst, eine 
Erfahrung, die von verschiedenen Untersuchern gemacht 
wurde. 

Die Digestionsversuche geben, was auch von Kraissl & Mc- 
leneg hervorgehoben ward, keinen Ausdruck fur die Rcsorp 
tionszeit. 

Mit Versuchen in wtro konnen die chemischcn Vcrbalt- 
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gleicher Weise eine bedeutende Abnahme der Festigkcit des 
Fadens im Laufe von 5 Tagen, am meisten bei diinnen Faden. 

Wolff & Priestley priiften 358 Catgutfaden an 164 Paticn- 
ten mittels einer Technik, die an die von Macewen erinnert, 
jedoch mit der Modifikation, dass an den Catgutfaden ein un- 
resorbierbarer Faden befestigt wurde, der aus der Haut lier- 
ausreichte. Der Zeitpunkt, an welchem die Faden manuellem 
Zug nicht mehr widerstehen konnten, war bei Chromcatgut 
der 10. — 20. Tag, bei »plain« Catgut der 8. — 14. Tag. Doppelte 
Suturen wurden ebenso schnell resorbiert wie einzelne. 
Chromcatgut Nr. 000 wurde in 15 Tagen resorbiert, wahrend 
Nr. 1 und 2 in 10,6 Tagen resorbiert wurden. Bei Versuchen 
nach dieser Methode ist nachgewiesen worden, dass die ver- 
schiedenen Catgutarten durchschnittlich solange in den Ge- 
weben liegen bleiben, bis die Wunde eine ausreichende Starke 
erreicht hat. So wiesen Howes, Soog & Harvey bei Versuchen 
an Hunden nach, dass eine Faszienwunde ihre voile Starke 
ca. am 14. Tag, eine Muskelwunde ca. am 12. Tag und eine 
Magenwunde ca. am 12. Tag erreichte. Aber bereits nach Ver- 
lauf der halben Zeit war die Starke der Wunden im schnellen 
Zunehmen. 

Die spateren Versuche von Howes (1933) bestanden in 
der Suturierung von Wunden im Rattenmagen mit diinnem 
Catgut, Chromcatgut und Seide und nachfolgenden Serienver- 
suchen mit Ausweitung des Magens bis zum Zerreissen der 
Wunden. Alle Wunden hatten die gleiche Starke bei Beginn 
der Heilung. Danach nahm die Starke ab fiir »Catgutwundcn« 
bis zum 4. Tag, fiir »Seidenwunden« bis zum 3. Tag. Hierauf 
nahm die Starke schnell zu, indem »Seidenwunden« bis zum 
7. Tag widerstandsfahiger warcn. Dann waren beide Wund- 
arten gleich stark und Aviderstanden der Ausweitung bald bes- 
ser als das umliegende Gewebe. 

Von diesen Methoden ist somit keine zum Vergleich von 
Catgutarten auf breiter Basis geeignet. 

ad 3. Das Prinzip bei den histologischen Methoden ist, die 
Zeitpunkte fiir das Verschwinden des Fadens und seine Er- 
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stattung durch Bindegewebe bei Versiichstieren zu bestim- 
men. In dieser Gruppe liegen eine sebr grosse Anzahl von Un- 
tersuchungen vor. Bereits vor Einfiihrung der Antiseptik gab 
Porta (1845) eine griindliche Beschreibung des Verbaltens 
des Fadens im Organismus, u. a. der adbasiven Entziindung, 
bei welcber der Faden von einem zellbaltigen Exsudat bedeck! 
wrd, wonach er sich aufrollt, aufgeweicht und mil dem Ge- 
webe »vermischt« wird. 

Lister, der die versenkte sterile Sutur in die Cbirurgie ein- 
fiibrte, bat besonders die »Organisation« des Catguts beschrie- 
ben, d. h. die Substitution zuerst mit einem weichen Binde- 
gewebe bestebend aus Fibroblasten und mebrkernigen Zellen, 
spiiter mit einem fest organisierten Bindegewebe, das ctwa 
am 14. Tage in Erscbeinung tritt. 

Die Bedeutung des Granulationsgewebes fiir die Zerset- 
zung des Fadens wurde von Elias cheivitch beobachtet. Lister 
und spater Cheyne wiesen nach, dass der praparierte Catgut- 
faden von der Oberflache aus angegriffen wird und erst spii- 
ter in der Tiefe. Hallwachs wies nach, dass Catgut bei Hunden 
im Laufe von 6 Monaten vollstandig resorbiert wurde. 

Hinsichtlich der Wahl der Versuchstiere sind interessant 
die Kaninchenversuche Lesser’s (1884), welcbe zeigten, dass 
Catgut in der Muskulatur dieser Tiere 64 — 85 Tage unbecin- 
flusst war. Diese Beobaclitung wird durch einen Teil der Ver- 
suche in der balinbreclicnden Arbeit von Claudius (1906) be- 
statigt, bei denen Catgut im Peritoneum von Kaninchen noch 
126 Tage nacli der Einlage nachgewiesen wurde. 

Porrit, der ebenfalls Kaninchen verwendcte, wies nach, 
dass Seide eine starker ausgepriigte Fremdkorperreaktion ver- 
anlasste als Catgut. 

Lesser hebt ebenso ^^^e Booth, Ilyin u. a. die Bedeutung 
hervor, die sowohl die Beschaffenheit des Fadens wie aucb 
die Art des Gewebes hat. Minervini zeigte, dass chemiscli prii- 
pariertes Catgut langsamer resorbiert wurde als warmesterili- 
siertes. Chromcatgut wurde besonders langsam resorbiert. Zu 
einem ahnlichen Resultat kam Claudius, indcm er die Re- 
sorptionsverhiiltnisse fiir Jodcatgut besonders giinslig fand. 



192 


Fleming meinte, dass Entziindung die Resorption hindert, 
eine Ansicht, die von CIciiicliiiSf Fizrle und Smiin geteilt 
letzterer gibt jedoch an, dass Catgut, das zuerst in einem Abs- 
zess gelegen hat, seine Oberflache eingebiisst hat und bei Ein- 
lage in die Subkutis eines Kaninchens leicht resorbiert wird. 
Einzelne Forscher kamen zu einem entgegengesetzten Ergeb- 
nis, -ivie z. B. v. Bruns und Brunner, die meinen, dass Catgut 
in suppurierenden Wunden schneller verschwindet. 

Serienversuche mit gleichartiger Technik sind von Goris & 
Rolland ausgefiihrt worden, die mit einer Reverdinnadel Cat- 
gut in die Schenkelmuskulatuf von Meerschweinchen nach 
chirurgischer Praparation der Haut einnahten. Bei Unter- 
suchung von nach verschiedenen Methoden sterilisiertem Cat- 
gut zeigte es sich, dass die meisten Arten noch nach 48 Ta- 
gen unresorbiert waren. Die Verfasser massen der physikali- 
schen Beschaffenheit des Fadens grdssere Bedeutung zu als 
der chemischen. 

Christ wies nach, dass die Gewebe, wo die Untersuchung 
der Fadenresorption am ^^'ichtigsten und histologisch am 
leichtesten zu verfolgen sei, Muskel und Faszie sind. Ziegler 
& Clark benutzten die Rontgenuntersuchung von Catgut vor 
und wahrend des Sterilisationsprozesses sowie wahrend der 
Resorption und gaben an, dass sie in der Lage seien. Catgut 
nach Starke und Resorbierbarkeit auszuwahlen. Bates zeigte 
durch Versuche an Hunden, dass »plain« Catgut schnell eine 
starke Reaktion gab, die das Wachstum von Fibroblasten hin- 
derte und die Heilung der Wunde verzogerte. Dickc und 
diinne unbehandelte Catgutfaden wurden gleich schnell, und 
zwar zu schnell, resorbiert. Chromcatgut gab eine geringere 
Reaktion, also friihere Heilung. Dunne Chromcatgutfiiden 
wurden langsamer resorbiert ais dicke und unterstiitzten Us- 
her die Wundheilung am beslen. 


Aus der Literatur geht somit hervor, dass die Bestimmung 
der Tensionsstarke in vivo in Relation zum Vemarbungspro- 
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zess sehr intcressant ist, dass aber die Methodc sich kaum 
zu vergleichenden Untersuchungen grosseren Umfanges an- 
wenden liisst. Ob das Abnehmen der TensionsstLirke parallel 
mil der Resorption verliiuft, Oder ob die Gewebsreaktion viel- 
leicht von anderen Faktoren abhiingig ist, kann noch niclit 
als sicher entschieden betrachtet werden. Versucbe in vitro 
zeigen, dass proteolytischcs Ferment bei der Auftdsung eine 
Rolle spielt; doch geben sie nur Auskunft Tiber eine einzelne 
Seite des Resorptionsprozesses. 

Zu vergleichenden Versucben scbeincn Tierversuche mit 
Beurteilung des histologisclien Resorptionsbildes am besten 
geeignet. Die frilheren Versucbe lassen cs wichlig erscheinen, 
dass der Faden in genau dem gleichen Gewebe und an der 
gleichen Stelle angelegt wird (vgl. Goris & RoUand) . Die 
Gleichartigkeit des Ticrmaterials ist hiernach eine selbstver- 
standliclie Forderung, ebenso wie das Ausscheiden von Ver- 
suchslieren, bei denen die Resorption durch Gefassblutung 
Oder Infektion gestort wird. Bcsonders wichtig erscheint die 
Wahl der Versuchstiere. Kaninchen erscheinen absohit unge- 
eignet auf Grund der sehr langsamen Resorption (Lesser, 
Thompson u. a.). Die Ursache hierfiir ist viellcicht in ciner 
besonders geringen Fermentproduktion zu suchen. In einigen 
orientierenden Versucben liaben wr in Dbereinstimmung mit 
frilheren Untersuchern Catgut noch 4 Monate nach Einniihen 
in der Schenkelmuskulatur von Kaninchen fast unbeeinflusst 
gefunden. Audi bei Meerschweinchen ist die Resorption sehr 
langsam (vgl. Goris & RoUand). 


Eigene Versiichc. 

Wir liaben erstens mit unscren Versucben konstatieren 
wollen, dass unsere Technik, wenn sie bei gleichartigen Rat- 
ten als Versucbstieren in Serienversuchen von einer geids- 
sen Grosse angewandt wurde, keinen Anlass zu individueller 
Variation gibt, eine selbstverstiindliche Voraussetzung fiir die 
Anwendbarkeit der Versucbe iiberbaupt. Demniicbst baben 
ivir die Resorptionszeit fiir ein warmesterilisiertes Catgut 
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(B) ) untersuclit. Da auf der Grundlage von Tierversuclien 
keine iibereinstininienden Angaben darviber vorliegen, wie 
lang die Resorptionszeit von Catgut ist oder sein soli, baben 
wir vorlaufig als Vergleichsgrundlage 2 Catgutpraparate (A 
und C) * ) benutzt, die an chirurgischen Krankenhausabtei- 
lungen in Danemark in grosserem TJmfange venvendet vcr- 
den. Die 3 Catgutpraparate wurden bei der Aussaat von gros- 
sen Mengen steril befunden. (Die Methoden werden in einer 
folgenden Arbeit veroffentlicht werden.) 


Technik. 

Als Versuchstier wurde die weisse Ratte verwendet, die 
ein Laboratoriumstier darstellt, das zu Serienversucben gc- 
eignet ist und zugleich Catgut innerhalb verhaltnismassig 
kurzer Zeit resorbiert. Die Ratten waren von der gleichcn 
Zucht und wurden unter gleichartigen Laboratoriumsfaedin- 
gungen ernahrt. Es wurden nur mannliche Ratten verwendet. 

Suturierungsmethode. Der Faden wurde unter Athernarkosc 
in die vorderste Muskelgruppe des Femurs in Langsriclitung 
eingenaht. Bei vergleichenden Versuchen wurde das cine Cat- 
gutpraparat im linken, das andere im rechten Schenkcl appli- 
ziert. Nach griindlicher Desinfektion der Haut wurde der Fa- 
den mit einer diinnen runden Nadel durchgezogen, indem das 
Bein am Fuss und an der Schwanzwurzel festgehalten wurde. 
Wenn man sich nach der Lage des Knocbens richtet, ist cs 
nacli einiger Dbung moglich, den Faden mit so grosser Gc- 
nauigkeit zu legen, dass er die gleichen Muskeln und Faszicn 
passiert, ohne grossere Gefasse und Nerven zu verletzen. Die 
Fadenenden werden direkt an der Haut abgeschnitten, und 
durch eine leicbte Verschiebung der Haut verschwindcn die 
Fadenenden nach innen, so dass die offnungen mit elasti- 

*) A. Graf Catgut. (Jodgehalt ca. 4,8 %). 

B. Novo Catgut. (Warmesterilisiert nach vorausgehender Jod- 
praparation. Jodgehalt ca. 2,6 %). 

C. Formalinbehandoltes, gekochtes Catgut. (Prapariert nach 
Rovsing’s Methode). 
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schem Kollodium zugedeckt werden konnen. Wcnn die Pla- 
zierung des Fadens richtig ist, sind die Bewegungen der Tiere 
nach 24 Stunden vollkommen naliirlich. 

Die Tiere einer Versuchsreihe warden am gleichen Tage 
operiert und danach mit gleichmassigen Intervallen durch Gas 
getotet nnd die ganze Muskelgruppe zur Priiparation ent- 
nommen. 

Nach Fixierung in Zenker-Formol und Auswiissern war- 
den die Praparate sorgfaltig so zugeschnitten, dass die Schnilt- 
richtung moglichsl rechtwinklig zur Liingsrichtung des Fa- 
dens war. 

Die liistologischen Bilder entsprachen ganz der Besclirei- 
hung friiherer Untersucher und konnen in den Hauptziigen 
in folgenden Stadien wiedergegeben werden: 

1) Fine exsudative Entziindung iiberwiegend mit polymorph- 
kernigen Zellen. Der Faden scbeint unbeeinflusst. Der 
Grad der Reaktion wurdc von Bates durclx die Anzahl 
der den Faden umgebenden Zelllagen angegeben. In der 
vorliegenden Versuchsreihe haben wir die grossten und 
kleinsten Diameter von Faden und Reaktionszone mit 
dem Okularmikrometer gemcssen und die Grosse durch 
die Anzahl der Teilstriche angegeben, wobei Objektiv 
Zeiss: 5, Okular: 2 verwendet wurde. 

2) Ein proliferatives Stadium mit Auftreten von Fibro- 
blasten, die nach und nach die Eiterzellen ersetzen. Die 
Oberflache des Fadens zeigt beginnende Ausfransung. 

3) Phagozytosestadium, in welcbem das Granulationsgewebe 
zwschen die Fibern des Fadens eindringt und denselben 
in mehrere Teile spaltet. 

4) Die endliche Resorption, wo der Faden von einem jungen 
Granulationsgewebe vollstandig erstattet ist. 

5) Die festere Organisation und Schrumpfung dieses Binde- 
gewebes zu einer strichformigen oder runden Narbe. 

,Wenn die Tiere einer Versuchsreihe mit einem Intervall 
von 2 Oder 3 Tagen untersucht werden, ist der Dbergang 
zrwischen den Stadien so gut charakterisiert, dass er zu Ver- 
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gleichen herangezogen werden kann. Ausser den Messungen 
haben wir benutzt: 

1) Die beginnende Aufspaltung des Fadens (Fig. 1). 

2) Die Bildung einer gut abgegrenzten Bindegewebszone 
(Fig. 2). 

3) Das vollstandige Verschwinden des Fadens (Fig. 3). 

4) Die Bildung einer fibrosen Narbe. 


Versuch Nr, 1. 

60 Ratten wurden mit Catgut B Nr. 0 in beiden Schenkeln 
genaht und in Gruppen von 10 Tieren mit 7 Tagen Zwischcn- 
raum untersucht, so dass wir fiir je einen bestimmten Zeit- 
raum nach der Operation ca. 20 Praparate zum Vergleicb 
batten. Die tJbereinstimmung zuischen diesen Praparaten war 
sehr gross, auch hinsicbtlich der Messungen, wie aus der Ta- 
belle 1 hervorgeht. Die wahrend des Versuches abnebmende 
Grosse gibt den Aufscbluss, dass der ganze Prozess untcr 
einer gleichmassigen Schrumpfung in Obereinstimmung mil 
der Organisation des Bindegewebes verlauft. Die Messungen 
zeigten im ubrigen nur wenig von Interesse und sind in den 
folgenden Versuchsreihen ausgelassen. Nur bei der Ausschei- 
dung der infizierten Falle spielten die Masse eine Rolle. 3 
Versuchstiere mussten wegen Infektion aus den Versuchcn 
ausgeschieden werden. Die Abszesse waren in alien Fallen 
sehr charakteristisch durch die Grosse der Reaktionszone und 
die Persistenz von akuten Entzundungsphanomencn. In alien 
Fallen war die Resorption des Fadens weit weniger vorgc- 
schritten als dem Zeitpunkt entspracb, was mit den Beob- 
achtungen von Fleming (1876) iibereinstimmt, die u. a. von 
Fiirle bestatigt worden sind. 

Aus dem Versuch geht im ganzen hervor, dass die Re- 
sorption in Rattenmuskulatur mit recht geringen Variationen 
verlauft, wenn Methodc und Tiermaterial gleichartig sind. 
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Tabelle 1. 


Ver- 

suchs- 

An- 

zahl 

Prap. 

Catgutfaden 

Reaklionszone 

tag 

(Vcr- 

suchs- 

tiere) 

Aussehen 



Aussehen 

Klcinster 

Diam. i 

1 

Grosstcr 

Diam. 

9. 

22 

(11) 

Kompakl, mil 
leicht ausge- 
franzter Randzone 

15 

(12-17) 

17 

(11-25) 

Vorwiegend Lcu-j 
kozyten, eine An-j 
zahl Fibroblastcn, 

1 

43 1 GO 

(27-C0):(40-80) 

i 

16. 

20 

(10) 

! 

19 Falle starke 
Aufspallung, in 1 
Fall mittelstarke. 
Masse: Grosstcr 
Fadcnrest 

4 

(2-5) 

8 

(3-24) 

Vorwiegend Fibro- 
blasten, eine An- 
zahl Leukozjden 

i 

1 

^ i 63 
(15-52)'(40-95) 

j 

23. 

20 

(10) 

Faden nicht nacli- 
weisbar 

» ' 

i 


Gutabgegrenzle 
Zone von jungem 
Bindegew., keinc 
Leukozyten 

’ 15 34 

^(12-27)05-65) 

1 L . _ 

30. 

20 

(10) 


1 

i 

In 9 Ffillen slrci- 
fenformige, in 2 
Ffillen runde Nar- 
be. In 9 Fallen fi- 
brose Bindege- 
webszone 

£ 

(5-14) 

1 

1 

19 

(13-32) 

37. 

18 

( 9 ) 




GFallenichtsnach- 
weisbar, 3 strei- 
fenformige Narbe. 
In 8 Ffillen fibrose 
Bindegewebszone. 
In 1 Fall Abszess 

5 

(2-12) 

9 

(3-15) 

44. 

IS 

( 9 ) 




3 Ffille nichts nach- 
weisbar,5 streifen- 
formige Narbe. In 
9 Ffillen fibrose 
Bindegewebszone. 
In 1 Fall Abszess 

3 

(2-5) 

9 

(4-17) 

























Fig. i. 

Beginnendes Einwachsen in den Faden (von unten her). Roakiions- 
zone unscharf, besteliend aus einem Gemisch von Leukozyten und 

Fibroblasten. 



Fig. 2. 

Faden aufgespalten, umgeben von eincr gut abgcgrenzlcn Zone \on 

Bindegewebe. 
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Fig. 3. 

Fadcn vcrschwiindcn. Die Reaktionszono bcstelit aus eincm gut 
abgcgrenzten jungen Granulationsgewebe. 


Versiich Nr. 2. 

Ein Vergleich zwischcn Calgut A und B wurdc durcli Ein- 
njilien in den linken bzw. rechten SclienkcJ in Serien von 17 
Ratten entsprechend jcder Catgutstiirke vorgenommen, im 
ganzen in 5 Serien. Die Tiere wurden mit Intervallen von 3 
Tagen untersucht. Das Resultat ist in Fig. 4 wicdergegeben, 
wo links ein Vergleich des Verhaltcns dcs Fadens (Aufspal- 
tung imd vollstiindiges Verschwinden), reclits der Gewcbs- 
reaktion vorgenommen ist. (Bildung einer gut abgegrcnzlen 
Bindegewebszone und einer festcn Narbc). 

Mit der Genauigkeit, die in dem einleitcndcn Versuch an- 
gcdcutet ist, kann kein Untcrschicd in der Resorplionszeit 
von Calgut A und B beobacbtet werden, indem die Aufspal- 
tung des Fadens in beiden Fallen ca. am 15. — 16. Tagc slatt- 
findcl, und der Faden ca. am 21. — 24. Tag cndgiiltig resor- 
biert ist. Der ctwas langsamere Vcrlauf der Gewebsreaktion 
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Fig. 4. 

Vergleich zwischen der Resorption von Catgut A und B. 

Die beiden Figuren links zeigen die Zeitpunkte ftir die Aufspaltung 
(scliwarze Felder) sowie fiir das vollstandige Verschwinden des 
Fadens (weisse Felder). 

Die beiden Figuren rechts zeigen die Zeitpunkte fiir die Bildung 
eines abgegrenzten Granulationsgewebes (scbrafficrte Felder) sowie 
fiir dessen Umbildung zu einer fibrbsen Narbe (weisse Felder). 

bei Catgut A ist vielleicht durch den eUvas hoheren Jodgehalt 
zu erkJiiren. 

Sehr auffallend ist die Resorption von Catgut Nr. 0, bei 
welchem sowohl die Aufspaltung wie die endgiiltige Resorp- 
tion langsamer erfolgt als bei den dickeren Fadcn. Diese Be- 
obachtung, die den Versuchen von Wolff und Priestley an 
Menschen entspricht, deutet ebenso wie diese darauf bin, dass 
der diinne Catgutfaden oft das beste Suturmaterial ist, nnd 
dass in der Praxis durch die Verwendung dickcrer Fadcn nur 
eine grossere Initialstarke erreichl wird. 

Ob die Ursache hierfur in einer Verschiedenheit der tccli- 
nischen Verarbeitung der Faden zu suclien ist, worauf die 
verschiedene Resorptionszeit von Catgut Nr. 0 im Vcrsuch 
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Nr. I und II hindeuten kdnnte, oder ob sie cine rein biolo- 
gische Erklarung hat, ist von grundlegcnder Bcdeutung fiir 
weitere Resorptionsversuche. Die Frage ist zur Zeit Gegen- 
stand naherer Untersuchungen. 


Versiich Nr. 3. 

In diesem Versuch ist ein Vergleich zwischcn Catgut B 
und C durch Einnahen an 17 Ratten vorgcnommen. Nur Cat- 
gut Nr. 0 wurde untersucht. Fig. 5 zeigt, dass das durch Ko- 
chen sterilisierte Catgut eine bedeutend kiirzere Resorptions- 
zeit hatte als das jod- und warmebehandelte, was in Oberein- 
stinimung mit den Pepsinversuchen von KraissI & Mdencij ist. 
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Fig. S. 

Vergleich zwischen dcr Resorption von Catgut C und B. 

Die boiden Figuren links zoigen die Zcitpunkte fiir die Aufspaltung 
(schwarze Felder) sowe fiir das vollstiindige Versclnvinden des 
Fadens (weisse Felder). 

Die boiden Figuren rechts zeigen die Zeitpunkte fiir die Bildung 
cines abgegrenztcn Granulationsgewebes (schraffierte Folder) sowic 
fiir dcssen Umbildung zu einer fibrbsen Narbo (weisse Felder). 


Aaa path. Vol. XAMH, 11 
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Zusammenfassung. 

1 ) Durch Serienversuche mit liistologischer Unlersuchung 
von 120 Muskelsuturen wird nachgewiesen, dass die Resorp- 
tion von Catgut in Rattenmuskiilatnr mit sehr geringer Varia- 
tion verlauft, wenn gleichartige Tiere und gleichartige Tcch- 
nik verwendet werden. 

2) Durch Serienversuche wurde die Resorption der Faden 
Nr. 0, 1, 2, 3 und 4 eines warmesterilisierten Catguts mit der 
eines chirurgisch durchgepriiften Praparates verglichen. In 
beiden Fallen begann die Aufspaitung des Fadens am 15. — 
16. Tag, und der Faden war ungefahr bei Ablauf der dritten 
Wpche verschwunden. Die Gewebsreaktion scheint bei dem 
Catgutpraparat mit dem grossten Jodgehalt am langsten zu 
dauern. 

3) Formalinbehandeltes, gekochtes Catgut hatte die kiir- 
zeste Resorptionszeit. 

4) Die Resorption der verschiedenen Fadennummern ver- 
lief gleich schnell in tlbereinstimmung mit friiheren Erfah- 
rungen der praktischen Chirurgie, und unterstiitzt somit die 
Auffassung, dass der einzige Vorteil bei der Amvendung 
dickerer Faden in der Sicherung einer grosseren Initialstarke 
liegt. In einigen der Versuche zeigte Catgut Nr. 0 von zwei 
verschiedenen Fabrikaten eine bedeutend langsamere Resorp- 
tion als die iibrigen Nummern. Dieses Problem, das fur wei- 
tere Resorptionsversuche von Bedeutung ist, bildet zur Zeil 
den Gegenstand naherer Untersuchung. 
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FERENT CARBOHYDRATE DIETS. 
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The history of the study of the bacterial flora of the in- 
testine dates back to the first phase of the bacteriological 
era. When Metchnikoff in 1908 put forward his well-known 
hypothesis of the injurious effect of bacterial products of 
the intestine on the organism, these studies were greatly 
intensified. They were pursued by means of investigations 
of human material and also by experiments on animals. As 
a result of these studies considerable light has been shed on 
the action of the intestinal bacteria during the process of 
digestion. As a consequence of these results the flora can 
be divided into two separate, main groups: the carbohydrate- 
fermenting or so-called saccharolytic flora and the so-called 
proteolytic flora, which splits up the proteins during putre- 
faction. According to different diets the bacterial flora is 
dominated by either the one or the other of these tw'O main 
groups. In individuals vvith an ordinary mixed diet a mixed 
flora is present. Among the bacterial occurring in the one or 
the other of these two groups the following are the most im- 
portant (according to Kendall and Haner, 1924): 

Saccharolytic bacterial flora: Lactobacilli 

Enterococci 
Bacillus welchii 
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Proteolytic or putrefactive flora: Bacillus sporogcnes 

» putrificus 

» mesentericus 

j> histolyticus 

» proteus 

» pyocyaneus 

Like B. welchii, B. coli may occur in both these types of 
flora. Among the group of acidophilic lactobacilli are classed 
(according to Topley and Wilson) a group of pleomorphous 
Gram-positive bacteria, usually' in the form of long, non- 
motile rods. Tliey possess a property in common in being 
able to produce lactic acid by splitting lactic acid-producing 
carbohydrates and are capable of surviving the high degrees 
of acidity' occurring (pH = 3.0 — 4.5). In this group we may 
distinguish Lactobacillus bifidus, mostly' known as occurring 
in the faecal flora of breast-fed infants, Doderlein’s bacillus, 
which Crnickshank, among others, considers to be identical 
wth the third organism in the group, Lactobacillus acido- 
philus (Moro) or Termobactericum intestinale (Orla-Jensen), 
and finally' Lactobacillus bulgaricus. The last-mentioned or- 
ganism derives its name from Metchnikoff’s discovery of its 
use as fermenting agent in the making of yogurt, which is 
drunk very' much by the inhabitants of Bulgaria. Lactobacil- 
lus acidophilus, besides being present in the faecal flora of 
animals and man, occurs also in the oral flora and has been 
placed in a certain connexion with the causation of dental 
caries. The saccharolytic flora comprises mainly Gram- 
positiv bacteria, which explains the frequently simplified 
terms for these types of floras, which are occasionally describ- 
ed as Gram-positive flora (saccharoly'lic) as opposed to Gram- 
negative flora (proteolytic). The intestinal bacteria of both 
man and animals are essentially alike, which has rendered 
the study of the variations of the bacterial flora possible by 
means of simple experimental technique. The white rat has 
been found to be the most suitable experimental animal and 
has therefore been used by the majority of investigators in 
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this field and was also employed in the present series of 
experiments. 

As far back as 1886 Hirschler found that the typical putre- 
factive products in the faeces, indol and phenol, were con- 
, siderahly reduced following a diet of sugar, potatoes, glycerol 
and dextrin, whereas they were increased on a meat diet. 
Winternitz (1892) was the first to call attenion to the capacity 
of milk to lessen putrefaction. He regarded this effect to be 
due to the lactose in the milk independent of the lactic acid 
produced. In experiments on dogs, among other test-subjects, 
Herter and Kendall (1908) studied the chemical components 
of the food and their relationship to the intestinal flora and 
found that a high carbohydrate diet tended to increase the 
fermentative flora and to depress the proteolytic. In the same 
manner Jungano (1909), by feeding white rates on a meat 
diet, obtained a predominance of a certain definite flora, 
afterwards defined as the proteolytic flora, wth an excess 
of B. coli. 

Since then numerous investigations have been made of 
the effect of carbohydrates on the bacterial flora of the in- 
testine. The unvarying results of these investigations revealed 
that the acidophilic group of the saccharolytic flora could be 
readily increased by the addition of various carbohydrates to 
the diet and could occasionally be developed to a marked 
predominance. Tlius Sillier and Schiller (1908) found that 
white rats fed on milk, lactose or dextrin showed an evident 
predominance of B. bifidus. This was confirmed in a similar 
investigation by Dislaso (1914). By feeding white rats on 
raw liver and minced horse’s meat Gaspari (1911) succeeded 
in obtaining an evident predominance of B. coli and B. pro- 
tens. Rellger and Horlon (1914) also found that milk trans- 
formed the bacterial flora to a predominance of L. acido- 
philus and L. bifidus. In feeding experiments with corn starch 
they thought they observed an increase in the number of 
L. acidophilus. 

Several thorough studies of the relationship of various 
carbohydrates to the lactobacillary group then followed. Hall 
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and Rettiger (1914) in careful studies on white rats found 
that milk and lactose were the only really effective substances 
that produced an »acidophilic« flora, i. e. with an e\'ident 
predominance of this group of bacteria. Already after 2 — 1 
days a change to an acidophilic flora could he effected. On 
the other hand, they failed to obtain any effect with dex- 
trose, maltose, laevulose, galactose and dextrin. On the addi- 
tion of saccharose they thought they were able to discern a 
slight increase of the acidophilic bacteria. Sisson (1917) suc- 
ceeded in showing that the primary bacteria present in the 
milk did not play anj' role, since he obtained equally good 
results with pasteurized milk as with natural milk. In recent 
years Herz (1936) has shown that disiccated milk, too, has 
the same effect. On the other hand, no effect has been obtain- 
ed wth sour milk (Hcnnchcrg and Henncherg, 1935). Simul- 
taneously with this increase of the acidophilic group there 
takes place a corresponding decrease of B. coli. This was 
shown by Torrey (1919) in a scries of experiment on dogs, 
which when fed on lactose or dextrin also developed an acido- 
philic flora with an evident depression of B. coli. Glucose, 
saccharose and lactose as well as fat and starch failed to 
produce any effect. Cniickshank (1928) obtained essentially 
the same results: an acidophilic flora following an addition 
of lactose and dextrin, no effect when glucose, galactose, 
maltose or laevulose was added, whereas saccharose produced 
a verj' slight effect on the flora. In a very careful investiga- 
tion of the same subject Schieblich (1929) was able to observe 
an abundant acidophilic flora alone following the addition 
of lactose, but only a slight development of the aciduric flora 
when dextrin was added. That a milk diet produces an 
abundant acidophilic flora in the intestine is also a well- 
known fact in human medical conditions. In infants there 
is a heavy excess of Lactobacillus bifidus and L. acidophilus, 
the former in natural breast-feeding, the latter in feeding 
with cow’s milk. 

Already in the early stages of the inquiry into this field 
the possibility of producing an acidophilic flora by peroral 
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administration of the organisms in question was discussed. 
Rettger and Kendall (1911) succeeded in doing so by supplying 
an emulsion in saline of L. acidophilus per os, and they were 
able to show a change of the intestinal flora of rats and of 
man to the aciduric type. On the other hand, experiments 
with B. bulgaricus were not so successful, the organism being 
unable to establish itself in the intestine {Rettger and Cheplin, 
1921). Cruickshank, too, was able to obtain a certain effect 
with this emulsion of L. acidophilus when fed by the mouth, 
but a considerably greater increase of the predominance of 
the acidophilic flora was obtained when lactose was added 
at the same time. These obsenmtions have been confirmed 
by other workers, for instance, Sanborn (1931), Mejblo and 
Nygart (1939), who obtained their results in tests on human 
material, and others who employed so-called »acidophilus- 
milk« for therapeutic use. 

Interesting observation made in recent years, however, 
have shown that also other factors besides milk or lactose 
alone may influence the acidophilic flora of the intestine. 
In feeding experiments with a salt-deficient diet Eppricht, 
Valley and Smith (1937) obtained a marked depression of the 
acidophilic group with a corresponding predominance of B. 
coli. The addition of sodium, potassium, calcium or phos- 
phorus alone failed to restore the flora to the acidophilic 
type, a return to any considerable extent to this acidophilic 
group being effected only after the administration of a parti- 
cular optimal saline solution (Osborne-Mendel’s salt mixture). 
That certain species of fruits are also capable of stimulat- 
ing the acidophilic group has been demonstrated by Wein- 
stein and Weiss (1937), who in feeding experiments with 
banana, apple, raisin, strawberry and whortleberry obtained 
an increase of this group of bacteria, but failed in experi- 
ments with dried tomatoes and plums. 

At tlie same time as the transformation of the bacterial 
flora of the intestine to an acidophilic type there is also a 
marked low^ering of the pH valtie. This is an invariable 
observation made by those investigators who have been able 
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to transform the flora to this direction by means of lactose 
and milk. Thus Cannon and McNease (1923) found a pH of 
4.4 in the caecum of rats fed on lactose while that of the 
controls was 6.6 and the animals which developed a proteo- 
lytic flora on an exclusive meat diet showed a pH of 7.0. 
Thus the same diet as developed an acidophilic flora showed 
also on the whole a low pH value. That there is a connexion 
between an acidophilic flora and a low pH value has also 
been proved by Weinstein, Weiss and Gillispie (1938). They 
fed different groups of animals on meat alone and on meat 
and lactose and obtained in the latter, on the average, a higher 
number of B. acidophilus and a lower pH value. They were 
unable, however, to ascertain any absolute correlation. 

There has been much discussion as to whether this acidity 
is due to the activity of the acidophilic bacteria or is produced 
by the milk or the lactose during fermentation. Contrary to 
Rettgcr and Cheplin, who are of opinion that the increased 
degree of acidity in the intestine is due entirely to the effect 
of Lactobacillus acidophilus, Cannon and McNease, Beach, 
Kessel, Weinstein, Weiss and Gillispie, and others maintain 
that the most important factor is lactose, which produces 
this acidity by the formation of lactic acid. Milk and the 
lactose present in it are partly broken down by fermentation 
in the intestine during the formation of lactic acid, which 
is a more potent acid than, for instance, acetic acid (the 
dissociation constant of lactic acid is 1.4 X 10^). Thus the 
addition of lactose pro\ides the acidophilic bacteria with an 
optimal medium and on the fermentation of lactic acid they 
acquire an optimal acidity value. This undouhtcdlj' provides 
the valid explanation why this group of acidophilic bacteria 
increases so rapidly in numbers and dominates other groups 
of bacteria. That both factors, medium and bacteria, cooperate 
and that both lead to this degree of acidity has also been 
emphasized by Crnicksimnk, among others. According to care- 
ful experiments made bj' Roseherij (1932), the lactohacilli 
in growng produce extremely high degrees of aciditj’. This 
depends of course partly on the degree of bacillary growth. 
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the pH falling parallel yAih the growth of the culture, partly 
on the nutrient medium. Under optimal conditions the pH 
is lowered within 24 hours from 7.0 to 3.2 — 4.0 i. e. to such 
values that even B. coli, whose acid tolerance is pH 0 = 3.58, 
is strongly inhibited and may even be suppressed altogether. 
In view of these facts the question may be asked whether 
both a suitable medium and lactic acid-producing bacteria 
with a high formation of acid and a strong acid-tolerance do 
not cooperate in the production of acid, as suggested by 
Cruickshank. 

The importance of the bacterial flora of the intestine in 
diseases has aroused great interest. Metchnikoff’s theory 
implies that the process of putrefaction going on in the in- 
testine continually produces products poisonous to the or- 
ganism, which in time leads to atrophy and a shortened period 
of life. All agents capable of limiting this putrefactive process 
thus tend to prolong life. Metchnikoff himself considered sour 
milk, particularly yogurt, to be such an agent. It also became 
very soon evident that lactic acid and lactic acid-producing 
bacteria had a depressive effect on putrefaction. In order to 
investigate the influence of such a putrefaction on various 
vital processes Schieblich (1929) undertook a series of experi- 
ments on rats for the purpose of discovering the effect of 
diet on growth, propagation, blood picture and resistance to 
disease, but was unable to find any difference in these respects 
between animals fed on a diet fhat developed a putrefactive 
flora in the intestine and those fed vnth milk or lactose. 
Thus no scientific evidence has been advanced so far in sup- 
port of Metchnikoff’s theory, and it can be safely said that 
it is devoid of present-day interest. 

Acidophilus milk has been recommended by many as a 
therapeutic aid in enterocolitis for the purpose of transform- 
ing a putrefactive flora to an acidophilic. A similar effect 
may also be obtained with milk. Opinions differ however as 
to the effect of such a therapy; some investigators still main- 
tain that this bactcriotherapy is beneficial, others are of 
opinion tliat it has not fulfilled expectations. 
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Thus these two substances differ from each other both 
chemically and with respect to their absorption in the in- 
testine. 

The experiments were performed on white rats, which 
received a fully adequate diet as far as nutrition and ritamins 
are concerned, but one group was given carbohydrates in the 
form of cane sugar alone, and the other group only starch. 
The animals were kept on this diet during the entire ex- 
perimental period, no change from a normal mixed diet to 
the experimental diet being made. The basal diet of the 
animals was composed as follows: 

The cane sugar animals received the following diet: 

Saccharose 
Casein 
Peanut oil 
Salt mixture 
Yeast 

To this diet w'as added 5 grams of cod-liver oil per 1 kilo 
body-w'eight. Tlie food mixture was mixed with water to a 
consistency suitable for the animals. The salt mixture used 
W'as MacCullum’s No. 185. The starch animals W'ere given 
a similar food mixture hut with a substitution of an equivalent 
quantity of rice starch for the saccharose. 


69 per cent. 
20 » » 

2 » » 

4 » » 

5 » » 


The faecal flora of the two groups of experimental animals. 

The faecal flora was studied in direct smears stained by 
Gram’s method. Further, as described below', it w'as possible 
to study the number of B. acidophilus by means of cultivation 
on a special medium. The acidophilic group, which w'as at 
once found to be the only group where a real difference was 
discernible, possesses easily rccognisahle morphological pro- 
perties already in the direct smears, and as far as the study 
of this group is concerned this rather simple method may 
be conveniently used. Rettger and Cheplin has compared this 
method w’ith methods of cultivation and found it to be quite 
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satisfactorj', the only drawback being that one has no guaran- 
tee that all the bacteria thus observed arc alive. In such an 
investigation as the present, where a comparison is made 
between two' fully comparable groups, this will not constitute 
a source of error. Tliis method was also employed by 
Cruickshank. In the examination described below the tech- 
nique employed was as follows: A weighed quantity of faeces 
was diluted with phj’siological saline in a dilution of 1/30, 
which was then emulsified by stirring to a satisfactory degree 
of homogeneity. A drop of this emulsion was smeared on a 
slide, stained by Gram’s method and the numbers of bacteria 
of the different bacterial groups per \'isual field counted. 
Three ^^sual fields were thus counted and the mean of these 
counts was obtained. In the variegated picture presented by 
the bacterial flora of the intestine of white rats, which has 
been carefully studied by Schicblich, Retlgcr and Cheplin and 
by Frost and Huntington, and others, it was found already 
at the beginning of the examination unnecessary to differen- 
tiate each special group, partly because, with the exception of 
the acidophilic group, they did not show any marked varia- 
tion, partly because the morphological property in a direct 
smear would be an unsatisfactorj’ basis for a careful study 
of the quantity of different groups except this acidophilic 
group. For the purpose of this inA’Cstigation, the objective of 
which was to note the difference between the two groups with 
respect of the bacteria that really showed marked variation, 
it was found sufficient to divide morphologically the bac- 
terial flora present in direct smears into 5 large groups: 

Gram-positive: Enterococci 

Lactobacilli 

Other Gram positive organisms 

Gram-negative: The Coli-protcus group 

Other Gram-negative bacteria. 

The lactobacillus acidophilus and closelj’ allied lactobacilli 
are morphologically characteristic and easily distinguishable. 
They appear here in the form of Gram-positive rods of varying 
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length, sometimes in the form of chains, and occasionally in 
the shape of a Y. Further, their identity as lactobacilli could 
be established after cultivation on an acetic acid-containing 
agar medium, when they showed the fermentative properties 
of these bacilli. No distinction was made in these counts 
between L. acidophilus and L. bifidus, as that was considered 
to be rather outside the scope of the present investigation. 
They agree in all probability with the micro-organisms clas- 
sified by Orla Jensen and Winther as Thermobacteria. 

Tables 1 and 2 show the values obtained in counts of the 
bacterial groups in direct smears from the faeces of these 
rats. Even on a superficial examination it was evident that 
in spite of individual variations the numbers of acidophilic 
lactobacilli were much greater in the faeces of the animals 
fed with starch than in that of the animals fed with canc 
sugar. As seen from Table 3, the mean value of the percentage 
also shows an. evident difference, which is statistically signi- 
ficant. The difference between the means of acidophilic bac- 
teria in the two groups is evidently greater than 

2]/WTW~ 

in this case; 2 l/l .22 -j-' 0.152 = + 2.4 Diff. = 9.5 
While the percentage of acidophilic lactobacilli in the group 
of »cane sugar animals« does not amount to 1 per cent, of 
the total number of bacteria, in the group of »starch animals* 
the percentage of acidophilic bacilli is more than 10 per cent. 
Other groups of bacteria show individual variations but the 
mean values of the two groups are approximately equal. The 
differences that seem to occur, however, are so small that 
they cannot be determined by this statistical computation. 
The difference between the means of the Coli-Proteus groups 
is greater than 

-h j 

in this case = 6-«8 Diff- = 5.3. Thus ll.c 

difference is not statistically signicance. Probably some de- 
pression of the Gram-negative group takes place, hut it is 
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Mean value % 14.8 10.4 3.5 44.2 26.9 

+ 1.46 1.19 0.69 1.96 2.26 
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Table 3. 

Comparison between the percentages of different bacterial groups 
in the intestine of animals fed with saccharose and 
animals fed with starch. 



Gram-positive 




Entero 

cocci 

Acido- 

philus 

Other 

bact. 

Coli- ! 
Proteus 

Other 

bact. 

Percentage of bacterial 
groups in animals fed 
with saccharose: 

19.3 

0.9 + 0.15 

2.9 

49.5 

27.3 

Percentage of bacterial 
groups in animals fed 
with starch: 

14.4 

10.4 + 1.2 

3.4 

44.2 

26.9 


not evident in the relatively slight, hut quite estahlishahle, 
difference that L. acidophilus shows between the two groups. 

From the results thus obtained by a direct examination 
of the smears from the faeces it also appeared probable that 
culture experiments, too, would show some variation between 
the acidophilic groups in the two groups of animals. For 
that reason the follo^^dng experiment was carried out. An 
emulsion with the exact dilution of 1/300 was prepared from 
a weighed quantity of the faeces of each animal. The medium 
used was a strongly acid agar, which permits the develop- 
ment only of lactobacillus acidophilus. An acetic acid 
medium, recommended for such a purpose was therefore 
employed. To 2 per cent, glucose-agar was added up to 0.12 
per cent, acetic acid. This percentage was obtained by titra- 
tion of the amount of acid permissible for the development 
of L. acidophilus on a 2 per cent, glucose-agar. From a Pasteur 
pipette, which was of exactly the same calibre for one animal 
from each group, a drop of the faecal emulsion was placed 
on a slide. With the aid of a platinum loop this drop 
was then uniformly spread over the surface. The colonies, 
which appear as small dewdrops after 24 hours, can he easily 
counted. The result of this experiment is shown in Table 4. 

From Table 4 it will also be noted that there is an ewdent 
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difference between the number of L. acidophilus present in 
the faecal flora of the two groups of animals. The number 
of colonies from the »starch animals« was about 10 times 
greater than that from the »cane sugar animals«. 


Table 4. 


Cultures of Lactobacillus acidophilus grown on a glucose acetic acid 
medium from a definite quantity of a faecal emulsion from animals 
fed with cane sugar and animals fed with starch. 

Cane sugar animals 

Starch animals 


No. of animal 

No. of colonies 

No. of animal No. of colonies 

3870 

40 

3899 

120 

3880 

32 

3904 

350 

3884 

46 

3860 

200 

3877 

30 

3892 

300 

3865 

60 

3895 

250 

3942 

85 

3906 

800 

Total: 

293 

Total: 

2220 

Mean value: 

45.5 

Mean value: 

370 


Variations in the degree of acidity of the intestinal contents 
in both groups of animals. 

Since the degree of acidity has always been associated 
with the number of lactobacilli present in the intestinal flora, 
this relationship was also examined in the animals fed on 
saccharose, which showed only small numbers of these or- 
ganisms, and those fed on starch, in which the organisms were 
more abundant. The data given below concerning the pH of 
the alimentary canal following a starch or saccharose diet 
respectively have been supplied by Lanke, and are recorded 
in an unpublished investigation of this problem at present 
being carried on at the Institut of Medical Chemisty of Lund. 

The determinations of the pH of the contents of the in- 
testine were made in the following manner: Immediately 
after the animal had been killed by decapitation, the mtestmal 
canal was removed and the contents of the different sections 







219 


plated under liquid paraffin (to prevent the substitution of 
gas by air). The pH of the intestinal contents was then 
measured with the aid of a glass electrode, two buffers being 
prepared for each sample, one with a known pH value below 
and the other \wth a pH value above the sample in question. 
The known pH values of these buffers were set at intervals 
of units. 

The! result of these estimations of the pH value of the 
contents of the large intestine is summarized in Table 5. 
From this table it ^^^ll he seen that the pH of the contents 
of the lower colon in the animals fed on starch was 
(7.7 + 1.2) = 10— 7 as compared with a pH of (1.8 + 0.2) = 
10—^ in the animals fed on sugar. In these experiments this 
A'ariation must be put in connexion with both the food and 
the flora present in the large intestine. In estimations in 
exactly similar animals Lanke also finds differences in other 
parts of the digestive canal, e. g. in the stomach, but these 
differences must be due to other conditions. On comparison 
with the values obtained in a highly predominant acidophilus 
flora there seems to an agreement in so far that a higher per- 
centage of lactobacilli is accompanied by a higher degree of 
acidity. 


Table 3 a. 


Starch animals 


1 caecum | 

lower colon 

3987 2 

— 

6.27 

4054 2 

6.45 

6.01 

4063 2 

6.41 

6.32 

3990 2 

6.63 

6.18 

4057 2 

6.30 

6.28 

4087 2 

6.48 

6.48 

3981 6 

— 

6.35 

4051 c5 

6.51 

6.45 

4050 S 

5.90 

5.83 

3989 cj 

6.17 

6.12 

4055 c5 

6.25 

5.85 

4081 6 

6.91 

— 

.A-verage (estimated from 

the 


hyd. ion cone.) 

6.32 

6.11 


15 * 
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Table 5 b. 

Sugar animals 


j caecum j 

lower colon 

4037 2 

6.89 

6.76 

4041 $ 

6.70 


4042 2 

6.64 

6.62 

3976 2 

7.04 

6.95 

4033 2 

6.96 

6.62 

3979 2 

— 

6.61 

4035 S 

7.09 

7.09 

4038 S 

6.97 

♦ 

4036 c5 

7.29 

7.08 

3975 S 

7.06 

6.85 

4039 

6.97 

6.91 

3921 S 

— 

6.49 

Average (estimated from the 


hyd. ion cone.) 

6.92 

6.75 


*) No intestinal contents. 


Discussion. 

Earlier examinations of the bacterial flora following dif- 
ferent carbohydrate diets have shown that feeding with milk 
and lactose rapidly caused a great increase in the number 
of lactobacilli. The increase observed on this diet reaches 
values of 60 — 90 per cent, of the bacterial flora {Cruicks- 
hank). This absolute dominance is mostly due to the fermen- 
tation of these substances with formation of lactic acid, which 
the lactobacilli are able to withstand to a much greater extent 
than other intestinal baceria. Another important factor in 
this dominance of the lactobacilli in these lower regions of 
the intestinal canal is undoubtedly the fact, as also pointed 
out by Distaso (1914), that the lactose is resorbed in the 
lower regions of the intestinal and extending for a long 
distance may form a medium for the growth of the lacto- 
bacilli. Further, lactose is known to possess the lowest as- 
similation limit of all sugars, a fact, as also pointed out by 
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Rettger and Cheplin, that should always be borne in mind 
in the discussion as to the cause of the dominant acidophilic 
flora in a lactose diet. The degree of acidity caused by the 
formation of lactic acid has been attributed by the majority 
of investigators to the diet. Since the lactobacilli are one of 
the main factors in maintaining this fermentation of lactic 
acid they may of course be regarded as a not unimportant fact- 
or in keeping the faeces acid. As emphasized by Cruickshank 
and Herz, these two factors must of course be taken into 
consideration in the discussion as to the cause of the low pH 
occurring. 

Our task in the examinations described above was to study 
the bacterial flora under conditions in which lactose or milk 
or such fruits as may have an influence on acidophilus are 
present in the diet. The carbohydrates given to the ex- 
perimental animals are those usually present in our food 
and having varying rates of fermentation and absorption, sac- 
charose and starch. In the present feeding experiments it 
was also proved that the lactobacilli were the only sensitive 
group of bacteria. In feeding with saccharose, which is 
rapidly resorhed in the higher regions of the intestine, L. 
acidophilus, as expected, was very scanty, not more than 0.9 
per cent, of the entire flora. If starch is used the resorption 
is moved to the lower regions of the intestine, and the colon 
flora obtains a greater admixture of carbohydrate. In this 
case the lactobacilli show a marked reaction and increase to 
10 per cent. Tliis variation of course cannot he called acido- 
philic, and that should be the reason why this fact has not 
previously been taken into consideration. At the same time 
the pH value falls from 6.80 to 6.16. It is therefore evident 
that the lactobacilli increase in numbers with an increase in 
the amount of carbohydrate in the intestine, even if no lactic 
acid-producing sugars are present. This may be taken as an 
illustration of the sensitivity of the bacterial flora of the in- 
testine in various carbohydrate diets. In fermentative d 5 ^spep- 
sia, wheai an abnormal fermentation talces place in entero- 
colitis, carbohydrates that are resorbed only in the upper 



222 


regions of the intestine are recommended for use in the diet 
(Svartz). That this is an important factor in the develop- 
^^®^t of the lactobacilli of the saccharolytic flora is ohvions 

The degree of acidity, too, increases along ivith the 
number of the lactobacilli in the lower region of the intestine 
even if no fermentation of lactic acid takes place. This in- 
creased acidity may be due either to the action of the lacto- 
bacilli themselves or to a carbohydrate fermentation with 
formation of acids, or it may be due to both these factors. 
The most important constituent is probably the production 
of acids during the fermentation of carbohydrates. The degree 
of acidity and the number of lactobacilli do not increase on 
a starch diet to such an extent that a statistically significant 
effect on the coli group could be ascertained. 

Thus it is evident that a starch diet alone, as compared 
with a saccharose diet alone, has a marked influence on the 
lactobacillary group of the bacterial flora. The variation oc- 
curring is evidently suited to the different chemical relation- 
ships in the intestinal canal during the different conditions. 


Summary. 

The bacterial flora of the intestine was examined in two 
groups of white rats given an adequate diet as regards calories 
and vitamins. One group received only carbohydrates in the 
form of saccharose and the other group in the form of starch. 

1. By means of counts of different groups of bacteria in 
direct smears it was ascertained that lactobacilli amounted 
to 10 per cent, of the entire bacterial flora followng a starch 
diet, whereas these organisms were scanty on a cane sugar 
diet, only 0.9 per cent. 

2. In cultivation on a particularly suitable medium to these 
lactobacilli about 10 times more colonies were obtained from 
the same measured amount of faecal emulsion from starch-fed 
animals than from that of animals fed on cane sugar. 

3. Simultaneously with an increase in the number of acido- 
philic lactobacilli a lower pH value of the faeces was obtained. 
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4. The group of acidophilic lactobacilli obtains a favour- 
able environment through such carbohydrates as are resorbed 
late and are present in the lower intestine. 

5. The lactobacilli are favoured by the presence of carbo- 
hydrates in the lower part of the intestinal canal, even if lac- 
tose is not contained in the diet. An increase in the number 
of acidophilic bacilli to such an extent that the flora can be 
called wholly acidophilic, as in a milk or lactose diet, cannot 
he obtained with the carbohydrates occurring in an ordinary 
diet. 
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AUS DEM STAATLICHEN SERVMINSTITVT KOPENHAGEN. 
INTERNATIONALE SALMONELLA CENTRALE‘) 


UBER DAS VORKOMMEN VON SALMONELLA- 
ANTIGENEN IN COLI-KULTUREN. 

Von F. Kmiffmann. 

(Eingegangen bei clcr Redaktion am 24. Juli 1940). 

Nachdem ich im Laufe der lelzten Jahre von ausserhalb 
verschiedene Coli-Kulturen erhielt, die Salmonella-Antigene 
besitzen, wll icb jetzt bieriiber im Zusammenbange bericb- 
ten, zumal es sicb bierbei nicht nur um ein spezielles Salmo- 
nella- und Coli-Problem, sondern gleicbzeitig aucb um das 
Problem der »Paragglutination^ im allgemeinen bandelt. 

Bei der von Kuhn und Woithc zuerst beschriebenen »Paragglu- 
tinationw bandelt es sicli nacb Kuhn, Gildemeister und Woithe um 
einen spezifischen Immunitatsvorgang und zwar dadurcli bedingt, 
dass von Hause aus sapropbytischo Keime im pathogenen klilieu 
des Darmes allmablich Receptorbn fiir die Agglutinine des Dysen- 
terieserums gewinnen. TT^. SUberstcin, der sicli in seiner Arbeit »Zur 
Frage der Spezifitat der Ruhrparagglutinationw mit dieser Auffas- 
sung und den hiergegen von Breinl erhobenen Einwanden ausein- 
andersetzte, gelangte auf Grund seiner experimentellen Untersu- 
chungen zu dem Scbluss, dass die ursprunglicbe Deutung der Ruhr- 
paragglutination als einer spezifischen Immunitatsreaktion ent- 
gegen der Auffassung von Breinl zu Recht bestehe. (Betr. weiterer 
Literaturangaben sei auf die Arbeit von IF. Silberstein verwiesen). 

Obwobl bereits in versebiedenen iilteren Arbeiten fiber 
Paragglutination das Vorkommen von Coli-Kulturen, die z. B. 
von Typbusseren agglutiniert wurden, erwabnt wird, so ist 


') Diese Arbeit wurde mit finanzieller Unterstiitzung des Com- 
monwealtli Fund ausgefiibrt. 
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auf Grund der damaligen Antigenkenntnisse in keinem Falle 
der Beweis gefuhrt worden, dass es sick' hierbei urn bestimmte, 
genau definierte Salmonella O- und H-Antigene gebandelt bat. 
Erst in einer Arbeit von H. Habs und E. Arjona aus dem Jabre 
1935 »Ueber einen Stamm von Bacterium coli mit Antigen- 
beziebungen zur SalmonelIagruppe« wird auf Grund naherer 
Antigenanalysen ein Colistamm bescbrieben, der ein Parlial- 
O-Antigen und zwar einen Teil des iibergreifenden XII-Anti- 
gens besitzt. 

Im Jabre 1937 bericbtete dann S. Card fiber einen Coli- 
stamm mit Salmonella H-Antigen und setzte diese XJnter- 
sucbungen im Jabre 1939 zusammen mit E. J. Eriksson in der 
Arbeit »Studien uber Coli-Stamme mit Salmonella-H-Antige- 
nen« fort. 

Im Folgenden will icb nun iiber verscbiedene Stamme der 
Coli-Gruppe mit Salmonella-Antigenen bericbten und die Be- 
deutung dieser Befunde erortern. 


Das untersuchte Material. 

I. Coli-Kulturen mit Salmonella Vi- und H-Antigenen. 

1) Coli 2624/36 von A. Gnoss^elius, Goteborg, erhalten, mit der An- 
gabe, dass diese Kultur unspezifisches H-Antigen der Salmonella- 
Gruppe entbalte. 

2) Coli 6179/36, 1743/37 und 5396/38 von S. Gard, Stockholm, erhalten, 
mit der Angabe, dass diese 3 Kulturen unspezifisches H-Antigen 
der Salmonella-Gruppe enthalten. 

Das Vorliegen des Vi-Antigens in diesen 4 Kulturen wurde weder 
von Gnosspelius noch von Gard festgestellt. 


II. Coli-KuUtiren mit Salmonella H-Antigenen. 

1) Coli 491/36 von A. Gnosspelius, Goteborg, erhalten, mit der An- 
gabe, dass diese Kultur unspezifisches H-Antigen der Salmonella- 
Gruppe enthalte. 

2) Coli 5821/38 von S. Gard, Stockholm, erhalten, mit der Angabe, 
dass diese Kultur unspezifisches H-Antigen der Salmonella- 
Gruppe enthalte. 
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III, Coli-lvulhtren 7nit Salmonella O-ArdUjcncn. 

1) Coli »Zm'icli« von H. ScMHze, London, erhalten, mit der Angabe, 
dass diese Kultur fast das gauze 0-Antigen von S. paratyphi B 
enthalte, 

2) Coli »Ka.« von N. Ccrnoziibov, Zagreb, erhalten, mit der Angabe, 
dass diese Kultur die I. IV-Antigene enthalte. 

3) Coli nZicht 11391« von F. Schiff, New York, erhalten, mit der An- 
gabe, dass diese Kultur das gesamte 0-Antigen von S. onderste- 
poort (I). VI. XIV. XXV. enthalte. 


I. Uber Coli-Kiilturen mit Salmonella Vi- and H-Antigenen. 

Bei den 4 hierher gehdrehden Coli-Kulturen mit Vi- und 
H-Antigenen handelt es sich um einen bestimmten Typus, da 
diese 4 Stamme in kultureller und serologisclier Hinsicht 
vollig iibereinstimmen. Auf das kulturelle Verhalten dieser 
Stamme will ich weiter unten im Zusammenhange eingehen. 
In Bestatigung der Angaben von A. Gnosspelius, die mir per- 
sonlich gemacht Avurden, und der Literaturangaben von Gard 
resp. von Gard und Eriksson enthalten diese 4 Coli-Stiimme 
gut entwickeltes Salmonella H-Antigen der unspezifischen 
Phase und stehen der 1,5... Phase des Kauffmann-White- 
Schema nahe. Es sei in dieser Hinsicht auf die Angaben von 
Gard und Eriksson verwiesen. 

Bei der Untersuchung des Stammes 2624/36 fiel mir bei 
der Betrachtung einzelner Kolonien auf Agarplatten im durch- 
fallenden Lichte das zuerst von A. Giovanardi beschriebene 
Dissoziationsphanomen auf, das darin besteht, dass man bei 
Typhuskulturen den von mir beschriebenen V-W-Formen- 
wechsel makroskopisch an dem triiben resp. klaren Aussehen 
der einzelnen Kolonien erkennen kann. In einer vorhergehen- 
den Arbeit (J. of Hyg. 1940) liber einen neuen Salmonella- 
Typus mit Vi- Antigen (S. ballerup) haben F. Kauffmann und 
E. M oiler dasselbe Phanomen beschrieben, jedoch leider ver- 
gessen, die soeben erwahnte Arbeit von A. Giovanardi zu zi- 
tiercn. Die Befunde von A. Giovanardi konnten also nicht nur 
bei S. typhi und S. ballerup (XXIX. Vi. sondern jetzt 
auch an Coli-Kulturen bestatigt werden. 
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Betrachtet man eine 20std. Agarplatte, auf der sich zahl- 
reiche einzelne Kolonien des Coli-Stammes 2624/36 befinden 
im durchfallenden Lichte, so kann man sehr deutlich zwischen 
triiben und klaren Kolonien unterscheiden und zwar in genau 
derselben Weise wie bei S. typhi oder S. ballerup. Die truben 
Kolonien (V-Form) ergeben bei der Objektglasagglutination 
in einem Typhus Vi-Serum eine prompte und starke Vi-Agglu- 
tination, wahrend die klaren Kolonien (W-Form) negativ 
reagieren. Bei Weiterziichtung der truben Kolonien (V-Form) 
kam es immer wieder zur Abspaltung der klaren Kolonien 
(W-Form), wahrend umgekehrt bei Fortziichtung der W- 
Form nur selten und oft erst nach mehreren Passagen V-For- 
men vereinzelt auftraten. 

Bei der Fortziichtung der V-Form ereignete es sich wieder- 
holt, dass keine truben Kolonien entstanden, sondern nur 
klare Kolonien, die in der Objektglasagglutination im Vi- 
Serum negativ reagierten. Trotzdem enthielten diese Kulturen 
aber das Vi-Antigen, da sie im Bindungsversuch ein Vi-Serum 
restlos erschbpften. 

Dieses Phanomen: Anwesenheit des Vi- Antigens in Kul- 
turen mit klaren Kolonien bei negativer Vi-Agglutination 
fand sich auch bei dem Coli-Stamme 6179/36 von Card, der 
nur in dieser klaren Form vorlag. Die beiden anderen Coli- 
Stamme 1743/37 und 5396/38 wiesen dagegen deutlich den 
V-W-Formenwechsel auf, d. h. sie lagen in truben und klaren 
Kolonien vor. Der Stamm 6179/36 ergab sowohl in der Objekt- 
glas- als auch in der Reagensglasagglutination in einem Vi- 
Serum eine negative Agglutination, war aber trotzdem im- 
stande, das Vi-Agglutinin aus einem Typhus Vi-Serum vollig 
zu entfernen. KontroIIversuche mit anderen Coli-Kulturen 
sowie mit verschiedenen Salmonella-Kulturen vne S. para- 
typhi A, S. paratyphi B, S. typhi murium, S. enteritidis, S. 
sendai und der »Hirschfeld«-Kultur von S. paratyphi C, die 
in der W-Form vorliegt, ergaben ein negatives Resultat, d. h. 
diese Kulturen konnten das Vi-Agglutinin nicht binden. Man 
muss also damit rechnen, dass bestimmte Kulturen das Vi- 
Antigen in so geringer Menge oder derartig verteilt enthalten. 
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dass es niclit mit Hilfe der Agglutination, sondern nur mit 
Hilfe der Bindung nacliweisbar ist. Immunisiert man mit 
einer derartigen lebenden Kultur, z. B. dem Coli-Stamme 
6179/36, Kaninchen, so erlialt man ein Serum mit Vi-Aggluti- 
ninen, wodurch die Amvesenheit des Vi-Antigens in dieseni 
Stamme ebenfalls bewiesen ist. 

Beim VAV-Formenwechsel bandelt es sicli also — ebenso 
wie beim I- Oder XII-Formenwechsel — urn quantitative An- 
tigen-Veriinderungen, da alle Bbergange von der V-Form mit 
komplett entmckeltem Vi-Antigen iiber die VW-Form bis 
zur W-Form, der das Vi-Antigen vollig fehlt, vorkommen. 

Da iiber die serologischen Eigenschaften des Vi-Antigens 
bei der Beschreibung von Typhus-Stammen und der Ballerup- 
Kultur eingebend bericlitet wurde, halte ich es fiir uberfliissig, 
auf die Eigenschaften des Vi-Antigens bei diesen Coli-Stam- 
men naher einzugehen, sodass ich nur kurz das Wichtigste 
sagen will. Das Vi-Antigen dieser Kulturen ist mit dem Vi- 
Antigen von S. typhi, S. paratyphi C und S. ballerup serolo- 
gisch identisch, wde es aus gekreuzten Absorptionsversuchen 
hervorgeht. Bei voller Entwicklung des Vi-Antigens in den V- 
Formen kommt es zur 0-Inagglutinabilitat, die durch Er- 
hitzen auf lOO® zerstort werden kann. Die W-Formen sind 
dagegen auch in lebendem Zustande gut O-agglutinabel. In 
den folgenden Tabellen sind einige Agglutinationsergebnisse 
zusammengestellt, aus denen die Amvesenheit des Vi-Antigens 
in den Coli-Kulturen hervorgeht. 

Zwischen diesen Coli-Kulturen mit Vi-Antigen und S. typhi 
resp. S. ballerup bestehen keine O- und H-Antigenbeziehun- 
gen. 

Zusammenfassend konnen wir also feststellen, dass die 
hier beschriebenen 4 Coli-Kulturen ausser dem bereits be- 
kannt gewesenen Salmonella H-Antigen noch das Vi-Antigen 
enthalten, das dadurch bei folgenden Typen nachgewiesen ist: 
S. typhi (A. Felix und R. M. Pitt), S. paratyphi C (F. Kauff- 
mann), S. ballerup (F, Kauffmann und E. MoUer) und S. coli 
1 (F. Kauffmann) . (Betreffs der Nomenklatur dieses neuen 
Typus verweise ich auf die weiter unten folgende Besprechung 
der Ergebnisse). 
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Tabelle L 

Vi-Serum von S. tyjphi (Vi-TUer 320). 


Kultur 

20 

40 

80 

160 



S. typhi Watson V 

++ 

++ 

++ 

++ 

+ 

± ~ 

S. coli 2624/36 V 

++ 

+4" 

++ 

+ 

± 

— — 


Vi-Serum von S. ballerup (Yi-Titer 640). 


Kultur 

20 

40 

80 

160 

320 

640 1280 2560 

S. tj'phi Watson V 

-f-b 


++ 

H — h 

+-b 

+ + - 

S. coli 2624/36 V 

1 ++ 

++ 

+-b 

-b+ 

+ 

± - - 


Vi-Serum von S. coli 2624/36 (Yi-Titer 640). 


Kultur 

20 

40 

80 

160 

320 

640 

1280 2560 

S. typhi Watson V 

++ 

-1-+ 

-f-b 

++ 

+ 

-b 

i — 

S. > H 901 W 

— 

— 

— 

— 

— 

~ 

— — 

S. ballerup V 

++ 

++ 

++ 

+-b 

-b 


— — 


Erlauterung zur Tabelle 1: 

Zur Agglutination wurden lebende Agarkulturen in NaCl-Ldsung 
aufgeschwemmt benutzt. Ablesung der Agglutination nacli 2 Std. 37® 
Thevmostat und weiteren 20 Std. Zimmertemperatur. ++, +, ± = 
verscbiedene Starke der Agglutination; + = nur mit der Lupe 6X 
erkennbar. — = negative Agglutination. 


II. tiher Coli-Kulturen mit Salmonella H-Antigenen. 

Es handelt sich hierbei urn die soeben erwabnten 4 Coli- 
Kulturen mit Vi- + H-Antigen sowie um die beiden Coli-Kul- 
turen 491/36 von Gnosspelius und 5821/38 von Card, die iden- 
tiscb sind und im Gegensatz zu den 4 ersten Kulturen kein 
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Vi-Antigen. entlialten. In Bestatigung der Angaben von Gnoss- 
pelius so-nde von Gard und Eriksson enthalten die beiden 
Kulturen 491/36 und 5821/38 Salmonella H-Antigen der un- 
spezifischen Phase, das der 1,5... Phase nahe steht. Ich be- 
zeichne diesen Typus mit ^Salmonella coli 2«. 

Sowohl das H-Antigen von S. coli 1 als auch dasjenige 
von S. coli 2 ist von der Salmonella 1,5... Phase (z. B. von 
S. thompson var. berlin) verschieden. Beide Phasen werden 
jedoch von dem diagnostischen »5-Serum« agglutiniert, das 
durch Absorption eines Serum von S. thompson var. berlin 
mit den Kulturen S. anatum unspez. und S. newport unspez. 
gewonnen ist. Auch untereinander sind die unspezifischen H- 
Antigene der heiden Coli-Typen 1 und 2 verschieden, wie es 
aus den folgenden Tahellen hervorgeht. In der Tahelle 2 sind 
die H-Agglutinationsergebnisse mit unabsorbierten H-Immun- 
seren dargestellt, wahrend in der Tabelle 3 einige Ahsorptions- 
ergebnisse, aus denen die Verschiedenheit dieser Kulturen 
hervorgeht, zusammengefasst sind. 


Tabelle 2. 

H- Agglutination. 

H-Immunseren 


Kulturen 

S. coli 1 

S. coli 2 


S. paratyphi 
B. unsp. 

S. paratyphi B unsp. 

100 

■Hj 

400 

12800 

S. newport » 

400 


800 

6400 

S. thompson » 

6400 


6400 

3200 

S. anatum > 

400 


1600 

1600 

S. gaminara ■> 

50 


100 

3200 

S. kentuckj' /S 

1600 

^Rih 

200 

50 

S. coli 1 

6400 


6400 

3200 

S. coli 2 

3200 


6400 

400 


Zeichenerklarung: Die Zalilen geben die H-Titei' an. 

Die H-Seren von S. coli 2 agglutinieren ausser den unspezifischen 
Kulturen noch die spezifische Phase von S, london (1, v) und die 
a-Phase von S. dar es salaam (1, w). Das H-Serum des Stammes 
491/36 agglutiniert diese heiden Kulturen his 1 : 40, das H-Serum von 
5821/38 bis 1 : 160. Auch umgekehrt bestehen geringe fibergreifende 
H-Agglutinationen. 
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Tabelle 3. 

H-Absorption. 

H-Immunseren 



S. 

coli 1 

1 

S. coli 2 

S. thompson 









unsp. 


Kulturen 

nicht 

absorbiert 

mit 

nicht 

absorbiert 

mil 

nicht 

absorbiert 

mit 


absor- 



absor- 



absor- 











biert 

S.coU 

Ber- 

biert 

S.coU 1 

Ber- 

biert 

S.coli ] 

S.coU 


2 

lin 

1 

lin 

1 

2 

S. coli 1 

X 

X 

X 

X 

— 

— 

X 

1 

X 

S. coli 2 

X 1 

— 

— 

X 

X 

X 

X 

— 

— 

S. thompson unsp. 

X 

X 

— 

X 

— 

— 

X 

X 

X 


Zeiclienerklarung: 

X = positive H-Agglutination. 

— = negative Agglutination. 

Berlin = S. thompson unsp. (S. thompson var. berlin). 

Driickt man die relativen H-Antigenbeziehungen dieser 3 Typen 
unabhangig vom Salmonella-Antigenschema aus, so lauten die For- 
meln von S. thompson unsp. = a, b, c, von S. coli 1 = a, b, e und 
von S. coli 2 = a, d. 

Zusammenfassend konnen vvir also sagen, dass ein zweiter 
Coli-Tsrpus (S, coli 2) mit unspezifischem Salmonella H-Anti- 
gen vorliegt, das von dem H-Antigen des S. coli 1 Typus ver- 
scliieden ist. Ausserdem untersclieiden sich diese beiden Ty- 
pen durch ihre 0-Antigene sowie durch ihre Vergarungs- 
formeln, wie es aus der Tabelle 5 und der Kultur-Tabelle 

hervorgeht. 


III. Uber Coli-Kulturen mit Salmonella 0-Antigenen. 

Es handelt sich hierbei um 3 Kulturen »Zurich«, »Ka.« 
und »Zicht 11391«, die mit ^Salmonella coli 3«, »Salmonella 
coli 4« und .Salmonella coli 5« bezeichnet iverden, da sie 3 
verschiedene serologische Typen der Salmonella-Gruppe smd. 
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1) Salmonella coli 3. 

Der mit »Zurich« bezeichnete »Colistannn« dieses Typus 
■svurde mir 1940 von H. Schiitze, London mit der Angabe iiber- 
sandt, dass diese ihm von A. Grumbach, Zurich, im Jahre 
1933 gescliickte Kultur, die Lactose spaltet, fast das ganze 
0-Antigen von S. paratyphi B enthalte. Auf Grund einer per- 
sdnlichen Auskunft von A. Grumbach handelt es sich liierbei 
um folgendes: 

»Der Stamm wurde aus dem Stuhl eines Patienten isoliert, der 
unter einem ParatjT)lius-almlichen Bild (sog. unspezifische Enteri- 
tis) erkrankt war. Die Blutkulturen waren negativ. Das Serum da- 
gegen zeigte einen Widal mit Para B unter Mitagglutination von 

Breslau Irgend einen anderen der bekannten Darmpathogenen 

konnten wir nie isolieren.« 

Auf Grund dieser Angaben besteht also die Wahrschein- 
lichkeit, dass die Kultur »Zurich« der Erreger einer Enteritis 
beim Menschen war, da sie zu einer positiven Widalreaktion 
gegeniiber Stammen mit dem IV. V-Antigen, das aucli diese 
Kultur »Zurich« enthalt, gefiihrt hat. 

Gber das kulturelle Verhalten dieses Stammes gibt die 
folgende Kulturtabelle Auskunft. In serologischer Hinsicht 
kann ich die Angaben von H. Schiitze bestiitigen, dass dieser 
Stamm fast das ganze 0-Antigen von S. paratyphi B besitzt. 
Er enthalt die fiir S. paratyphi B charakteristischen 0-Anti- 
gene IV. V., unterscheidet sich dagegen von diesem Typus 
durch das komplex gehaute XII-Antigen, dem der XIL-Fak- 
tor fehlt. 

Zum Verstandnis dieser Befunde muss ich zunachst kurz 
auf die Serologie des XII-Antigcns und den von mir gefunde- 
nen XII-Formenwechsel eingehen. (J. of Bacteriol. im Druck). 

Das tibergi’eifende XII-Antigen besteht aus mindestens 3 ver- 
schiedenen Partialantigenen XIIj, XII„ und XII 3 , von denen das 
XII„-Antigen — in derselben Weise "swe das I-Antigen — einem For- 
menweclisel unterworfen ist. Es kommen innerlialb desselben Stam- 
mes Kolonien mit stark entwickeltem XII„-Antigen (4-+ Form), 
massig entwickeltem XIL-Antigen (+ Form) und schwach ent- 

Acta path. Vol. XVIII. II 
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wickeltem XIIj-Antigen (± Form) vor, die einander abspalten. Aus- 
serdem ist die Verteilung der verscbiedenen Xll-Partialantigene bei 
den einzelnen Salmonella-Typen verschieden, wie es aus der fol- 
genden Tabelle 4 hervorgeht. 


Tabelle 4. 

0-Antigenformeln unter Berilcksichtigung der XU-Partialantigenc. 


Typ 

O-Antigene 

1 

S, paratyphi A 

[I]. 11 . XII,. Xllg. 

S. — » var. durazzo 

11 . XII,. XII3. 

S. paratyphi B 

[I]. IV. V. XII, [xiy. 

S. reading 

IV. XII,. [XII2]. 

S. bredeney 

[I]. IV. xxvn. XII,. xiis. 

S. schleissheim 

IV. XXVII. XII,. XII3. 

S. abortus equi 

IV. XII,. XI I3. 

S. abortus ovis 

IV. XII,. txila). Xlls. 

S. tj^phi T 4 

IX. XII,. XII2. XII3. 

S. - T 2. 

IX. XIIi. XII3. 

S. enteritidis 

[I]. IX. XII,. [Xllal. XII3. 


Zeichenerklarung; 

[ ] = diese Antigene sind einem Formelwechsel unterworten, 
sodass ±, + Oder + + Pormen auftreten konnen. 

Diese O-Antigeniormeln sind nicbl als vollstandig zu betracliten, 
sondern in Wirklichkeit erheblicb komplizierter; sie sollen nur die 
wesentlichsten Agglutinations- und Absorptionsergebnisse erklaren. 


Bei den in Tabelle 4 erwahnten Typliuskulturen T 2 und T 4 
handelt es sich um die beiden von Almon und Stovall bescbriebenen 
Kultnren, von denen die T 2 Knltur — in Bestatigung der Angaben 
von Almon und Stovall — ein 0-Antigen weniger hat als die T 4 
Knltur, die in ibrem 0-Antigen dem bekannten Stamm 901 von 
A. Felix entspricht. Dieser Antigenverlust betrifft aber nicbt, wie 
Almon und Stovall annahmen, das IX-Antigen, sondern das XI V 
Antigen. Innerbalb der Typhuskulturen mit volistandigem O- 
Antigen konnte bisher der XII-Formenwechsel mcht nachgewiesen 
werden, da z. B. samtliche Kolonien des T 4- Oder 901 -Stammes das 
XIL-Antigen stark entwickelt haben {+ + Form). Es konnten also 
bisher nur Typhuskulturen mit Oder olme das XII^-Antigen geiun- 
den werden. 
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Bei dem Stamme »Zurich« konnte bisher weder das XII„- 
nocb das XIIg-Antigen nachgewiesen warden, sodass ich die 

Formel mit IV. V. XII bezeichne. Diese Kultur entspricht 

also in ihrem 0-Antigen dem Chester-Typus (IV. V. XII...), 
auf dessen abweicliendes XII-Antigen ich in meiner Arbeit 
uber den XII-Formenwechsel bereits hingewiesen hatte. Dem- 
entsprechend konnte S. chaster das 0-Serum von »Zurich« 
restlos erschopfen, wie auch umgekehrt der »Zurich«-Stamm 
das Chester 0-Serum vollig erschopfte. Dagegen fiihrte die 
Absorption eines 0-Serums von S. paratyphi B Oder von S. 
reading mit S. coli 3 nicht zur volligen Erschdpfung dieser 
Seren, da noch die Xlh-Agglutinine zurtickhlieben. Zum Nach- 
weis dieser XII„-Agglutinine ist es notig, Immunseren zu be- 
nutzen, die mit der XII ++ Form hergestellt sind, so\vie zur 
Agglutination Kulturen anzuwenden, die in der XII ++ Form 
vorliegen. Um dieses zu erreichen, ist es notwendig, von ge- 
priiften Einzelkolonien auszugehen, die in der Objektglas- 
agglutination mit einem starken Xlh-Serum (z. B. Ty 901) 
agglutiniert warden. So liegen z. B. von 20 Kolonien einer 
Paratyphus B-Kultur (originale Massenkultur) 2 Kolonien in 
der Xll-f-f Form vor, wahrend 18 Kolonien in der XII+ Form 
vorliegen. Bei Fortzvichtung einer -1-+ Kolonie sind von 10 
untersuchten Kolonien 9 Kolonien in der -1-4- Form und 1 
Kolonie in der + Form. Umgekehrt sind bei Fortziichtung 
einer + Kolonie von 10 Kolonien 9 Kolonien in der + Form 
und 1 Kolonie in der ++ Form. (Der Procentsatz der Ab- 
spaltung kann naturlich schwanken). Bei Kulturen, die so- 
wohl das I-Antigen als auch das XII-Antigen besitzen, kdn- 
nen beide Formenwechsel gleichzeitig vorkommen, sodass also 
4 verschiedene serologische Formen innerhalb desselben Stam- 
mes vorkommen; H--f, XII+ Form, I+ + , XII+-f Form, I+, 
XII+ Form und I+, XII-1-+ Form. Ohne Beriicksichtigung 
dieser serologischen Variation, des lyO-Formenwechsels^, sind 
Agglutinationsversuche dem Zufall iiberlassen und miissen zu 
widersprechenden Resultaten fiihren und zwar in ahnlicher 
Weise wie beim Phasenwechsel innerhalb der H-Antigene, 
wenn man diesen Phasenwechsel nicht beriicksichtigt. 


16 * 
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Durch Ahsorption des O-Serums von »Zurich« mit S. read- 
ing konnte das V-Agglutinin nachgewiesen werden, ebenso wie 
auch die »Zurich«-KuItur in einem aus einem Paratypbus 
B-Serum gewonnenen V-Serum prompt agglutinierte. Das Vi- 
Antigen konnte bei der »Zurich«-Kultur nicht nachgevlesen 
werden. Ein H-Serum der »Zurich«-Kultur Hess alle Salnio- 
nella-Kulturen unbeeinflusst, wie auch die »Zurich«-Kultur 
von keinem der Salmonella H-Seren agglutiniert wurde. Es 
wurden keine Versuche unternommen, durch H-Immunserum- 
zusatz kiinstlich einen Phasenwechsel bei der »Zurich«-Kultur 
herbeizufiihren. 

Zusammenfassend lasst sich also uber diesen »Zurich«- 
Stamm sagen, dass er die Haupt 0-Antigene der Salmonella 
B-Gruppe IV. V. besitzt, dass er sich aber im Bau des XII- 
Antigens von S. paratyphi B und anderen Typen dieser 
Gruppe unterscheidet. Er stimmt hinsichtlich seines O-Anti- 
gens- mit S. Chester uberein, sodass die O-Formel mit IV. V. 
XII... angegeben werden kann. 

Da es sich bei diesem Typus »S. coli 3« wahrscheinlich 
um einen Enteritiserreger handelt, der prompt Lactose spal- 
tet, so wird die Unzulanglichkeit und Einseitigkeit unserer 
Routinediagnostik, die mit lactosehaltigen Flatten arbeitet und 
alle Lactosevergarer als »banal« ausschaltet, klar. Auf die 
praktischen Folgerungen dieser Befunde will ich jedoch in 
diesem Zusammenhange nicht naher eingehen. Ich mochte 
nur darauf hinweisen, dass dem Nachweise von Salmonella 
0-Antigenen in Coli-Kulturen moglichervveise besondere Be- 
deutung in pathogenetischer Hinsicht zukommt. Zur Klarung 
dieser Frage sind jedoch systematische serologische und kli- 
nische Untersuchungen notwendig. Die Diagnose »Coli« als 
solche muss als vollig unzureichend bezeichnet werden, da 
nur eine exakte Typendiagnose auf Grund serologischer und 
kultureller Untersuchungen fiir atiologische und epidemiolo- 
gische Zwecke Bedeutung hat. 

2) Salmonella coli i. 

Der mit >>Ka.« bezeichnete »Colistamm« wurde mir 1940 
von N. Cernozubov, Zagreb mit der Angabe iibersandt, dass 
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diese von A. Hupbaiier herriihrende Kultur (Karagjorgjevo) 
die I. IV-Antigene enthalte. Auf Grund einer personlichen 
Auskunft von A. Hupbauer, Zagreb, handelt es sich hierbei 
um folgendes: 

))Dieser Stamm wurde aus dem Mageninhalt von vier Monate 
alien, abortierten Scliweinefoten gezuchtet. Diese wurden dem In- 
stitut am 18. April 1927 zugestellt. Auf dem Gestfit Karagjorgjevo 
verwarfen melirere Zuchttiere der dortigen Herde. Auf dem Ge- 
stiite herrschte damals, so wie auch einige Jalire vorlier Paratyphus- 
abort bei den Stuten. Bei der Sektion der Foten wurden Blutungen 
am Herzmuskel und serosen Hauten sowie ein Milztumor festge- 
stellt. Das aus dem Mageninhalt in Reinkultur herausgeziichtete 
Bakterium ■war sehr beweglich, veriinderte Endo niclit, bildete Indol 
nicht, jedocb Scbwefelwasserstoff. Maltose und Glukose wurden ge- 
spalten, Saccharose nicht. Laktose wurde kaum merklich gerotet. 
Nachdem der Stamm etwa ein Jahr lang im Laboratorium auf- 
gehoben war, \vurde auch Laktose gespalten mit Gasbildung. Milch 
wurde nicht zur Gerinnung gebracht, Mause starben nicht, verwar- 
fen jedocb am 6. — 8. Tage. Lakmus wurde gerotet, spater geblaut. 

Der Stamm wurde durch B-Serum stark agglutiniert. Durch 
Seren hergestellt mittels Hyperimmunisierung mit Stutenabortstam- 
men ^vurde dieser Stamm stark agglutiniert (1 :1G00 +). 

Der Stamm wurde irrtumlicherweise mit Riicksicht auf seine 
serologischen Eigenschaften und die anfanglich nur sehr schwache 
Anderung der Laktose als Paratyphus bezeichnet. Als er spater 
Laktose angriff, \vurde der Fehler eingesehen.« 

Das kulturelle Verhalten dieses Stammes »Ka.« ist in der 
Kulturtabelle wiedergegeben. t)ber das serologisclie Verhalten 
ist zu sagen, dass dieser Stamm die Haupt 0-Antigene von 
S. schleissheim IV. XXVII. enthalt und imstande ist, ein O- 
Serum von S. schleissheim vollig zu erschopfen. Ausserdem 
hesitzt der Stamm »Ka.« ein auf S. london iibergreifendes 
0-Antigen, das in S. schleissheim anscheinend fehlt, aber noch 
nicht naher analysiert wurde. Mdglicherweise liegt hier ein 
0-Formenwechsel vor, sodass dieses iibergreifende Antigen 
auch in Kulturen von S. schleissheim vorkommen kann. Ich 
will daher die 0-Formel des Stammes »Ka.« vorlaufig mit 
IV. XXVII. XII... angeben. Das H-Antigen des Stammes »Ka.« 
hat zu keinem der bekannten Salmonella H-Antigene Be- 
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ziehungen und ist auch von dem H-Antigen des Stammes »Zu- 
rich« so\vie der anderen hier beschriebenen Coli-Stamme ver- 
schieden (siehe Tabelle 5). 

Zusammenfassend lasst sich also liber diesen »Ka.«-Stamin 
sagen, dass er die Haupt 0-Antigene von S. schleissheim IV. 
XXVII besitzt. Es ist auffallend, dass 3 verschiedene Typen, 
welche die IV. XXVII-Antigene enthalten, namlich S. abortus 
bovis, S. schleissheim und dieser neue Typus S. coli 4, bei 
Tieren gefunden wurden und zwar 2 dieser Typen bei Abort. 
Auch bei S. schleissheim handelt es sich moglicherweise um 
einen Aborterreger, da die originale Kultur aus einer Kuh 
isoliert wurde. Bekanntlich wurde S. schleissheim durch E. 
Boecker und K. Dzionara auch beim Menschen als Enteritis- 
erreger nachgewieseii, da ich (1940) feststellen konnte, dass 
der von E. Boecker und K. Dzionara beschriebene Stamm zu 
S. schleissheim gehort. 

3) Salmonella coli 5. 

Der mit »Zicht 11391« bezeichnete Stamm wurde mir Ende 
1939 von F. Schiff, New York, zur Begutachtung ubersandt, 
der hieriiber mit I. Saphra naher berichten wird. Ich will 
mich hier daher nur darauf beschranken, die Befunde zu 
bestatigen, nach denen die Kultur »Zicht 11391 « das gesamte 
0-Antigen von S. onderstepoort (I). VI. XIV. XXV. enthalt, 
wahrend das H-Antigen keine Beziehungen zur Salmonella- 
Gruppe besitzt. Das kulturelle Verhalten dieses Stammes geht 
aus der folgenden Kulturtabelle hervor. 

Aus der Kulturtabelle geht hervor, dass die 9 untersuchten 
Coli-Kulturen zu 5 verschiedenen Vergarungstypen gehoren, 
die ebenso vielen Serotypen entsprechen. Zu S. coli 1 gehoren 
4 Kulturen, von denen 1 aus- Goteborg und 3 aus Stockholm 
stammen. Zu S. coli 2 gehoren 2 Kulturen und zwar 1 aus 
Goteborg und 1 aus Stockholm. Man ersieht hieraus, dass man 
denselben kulturellen und serologischen Typus an verschie- 
denen Stellen wiederfinden kann. 

Lactose vdrd von 8 Kulturen prompt gespalten, wahrend 
der letzte Stamm die Lactose verzogert angreift. Nur der 1. 
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Kulliirtabclle. 


1 

S. coll i. 

S.coli 2. 

S. coll 3. 

S. coll 4. 

S. coll 5. 

1 

2624/36 

491/36 

„Zurich“ 

„Ka.“ 

„Zicht 


6179/36 

1743/37 

5396/38 

5821/38 


! 

11391“ 

Salmonella-Antigene 

H+Yi 

H 

0 

0 

0 

Adonit 

— 30 

30 

—30 ' 

1 

30 1 

1 

30 

Arabinose, Dextrin, Dex- 
trose, klaltose, Mannit, 
Rliamnose, Sorbit, Treha- 
lose, Xj'lose 

+1 



1 

_^1 

Diilcil 

— 30 


30 

30 1 

_30 

Inosit 

— 30 

30 

+“ 

30 


Lactose 

+1 



+1 


Saccharose 

— 30 

— od. — 


+1 


Salicin 

— h 

[- ! 

_+ 

f- 

-+ 

Indol 

+ 

— 

— 


— 

HsS 

+ 


+ 

+ 

— 

Gelatine 

— 

— 

— 

— 

+ 

Simmons Agar mit Arabi- 
nose, Dextrose, Na-Citrat 
u. Rhamnose 

1 

+ 

+ 

+ 

1 

+ 

• + 

Simmons Agar mit Dulcit 

— 

+ 

1 ” 

1 

1 

— 

d-Tartrat 

C 

_J_5— C 



14 

1- 

—X 

K 

i 

-X 

j —14 

i- „ 

_14 

14 

— 14 

14 

14 

Na-Citrat 

+ 1-2 

+= 

+= 

+= 

—X 

Mukat 



+1 

14 


Brillantgrunagar 

1 

grCin 

grun 

grim 

grun 

grun 


Zeiclienerklarung: 

— = negativ nach 30 Tagen. 

= positiv nach 1 Tage. 

— h = spat positiv. 

— X = unregelmassig, meist negativ. 

Die Vcrgarung von 1-Tartrat sclieint bei diesen Coli-Kultui-en un- 
regelmiissig, meist negativ zu sein. 
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Typ bildet Indol, und nur der 5. Typ verflussigt langsam die 
Gelatine, bildet aber im Gegensatz zu den anderen Typen kein 
H,S. 

uber die Herkunft der Stockholmer Stamme, die anschei- 
nend in keinem Zusammenhange mit menschlichen Erkran- 
kungen stehen, sind in der Arbeit von S. Card und E. J. Eriks- 
son nahere Angaben gemacht worden. Diese Kulturen sowie 
die beiden Kulturen von Gnosspelius, also samtliche Stamme 
von S. coli 1 und 2, wurden mit Hilfe des Wassen-Verfahrens 
isoliert und zwar dadurch, dass sie von einem unspezifischen 
Salmonella H-Serum beeinflusst wurden. Im Gegensatz zu die- 
sen Kulturen enthalten die 3 anderen Typen S. coli 3, 4 und 5 
nur Salmonella 0-Antigene. Das Vi-Antigen wurde nur bei 


Tabelle 5. 


Typ 

0-Antigen 


Vi-Antigen 

1 . Phase 

2 . Phase 

S. paratj'phi B 

[I]. IV. V. XII... 

b 

1,2... 

— 

S. coli 3 

IV. V. XII... 

Z20 

• 

— 

S. schleissheini 

IV. XXVII. XII... 

b, Z32 

— 

— 

S. coli 4 

IV.[XXVII.]XII... 

Z21 

» 

— 

S. paratyphi C 

VI. VII. XII... 

c 

1,5... 

A 

S. typhi 

IX. XII... 

d 

— 

A 

S. onderstepoort 


e, h 

1,5... 

— 

S. coli 5 


Z22 

• 

— 

S. ballerup 

XXIX. 

Zl 4 

— 

A 

S. coli 1 

XXXI. 

- 

1,5... 

A 

S. coli 2 

XXXII. 

• 

1,5... 



Zeichenerklarung: 

[] = Diese Antigene konnen aucli fehlen. 

(I) = Es ist nur ein Teil' des I-Antigens vorhanden. 

XII . . . = Die Partialantigene des XII-Antigens sind hier nicht e- 
riicksichtigt. 

. = nicht naher untersucht. 

— = fehlt. 
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den 4 Kulturen von S. coli 1 nachgewiesen, die gleichzeitig un- 
spezifisches H-Antigen besitzen. 

In der Tabelle 5 sind die Antigenformeln der bier nnter- 
sucbten Coli-Kulturen im Vergleich zu verschiedenen, serolo- 
gisch verwandten Salmonella-Typen zusammengestellt. Der 
Phasemvechsel der Coli-Kulturen ist von mir noch nicht naher 
untersuclit worden, sodass die Formeln nicht als vollstandig 
zu betrachten sind. In der Objektglasagglutination reagierten 
alle untersuchten Coli-Kolonien der Tj^jen S. coli 1 und 2 in 
einem Berlin H.-Serum (1,5...) positiv. Es muss jedoch darauf 
hingewiesen werden, dass die in der Tabelle 5 mit 1,5... be- 
zeichneten Phasen nicht unter einander identiscli sind. Es 
kam mir in dieser Arbeit vorlaufig nur darauf an, nacbzu- 
weisen, dass die beiden Typen S. coli 1 und 2 unspezifisches 
H-Antigen entlialten, wodurch die Angaben von Gnosspelius, 
Gard und Eriksson bestiitigt sind. 


Besprechung der Ergebnisse. 

Aus den vorliegenden Untersuchungen geht hervor, dass 
bestiminte fiir Salmonella-Kulturen charakteristische 0-, H- 
und Vi-Antigene auch bei verschiedenen Coli-Kulturen nach- 
gewiesen sind. Es folgt hieraus, dass zwischen der sogenann- 
ten »Salmonella-Gruppe« und der sogenannten »Coli-Gruppe« 
in serologischer Hinsicht kein prinzipieller Unterschied be- 
steht, also auch keine scharfe Grenze! Schon friiher (1937) 
hatte ich anlasslich des Befundes einer lactosespaltenden 
Salmonella-Variante darauf hingewiescn, dass auch in kul- 
tureller Hinsicht zwnschen der Salmonella- und Coli-Gruppe 
eine solche Grenze fehlt, zumal auch indolpositive und gela- 
tineverfliissigende Salmonella-Typen bekannt sind. Ich hatte 
daher folgende, serologisch orientierte Salmonella-Definition 
gegeben : 

»SalmoneUabakterien sind gramnegative Bakterien, die auf 
Grand Hirer Antigenstruktur in das Kauffmann-White-Sche- 
ma eingefiigf iverden kdnnen.<si 

Die neuen, hier mitgeteilten Befunde von Coli-Stammen 
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mit typischen Salmonella-Antigenen haben die Zweckmassig- 
keit und Notwendigkeit einer solchen serologischen Salmo- 
nella-Definition bestatigt und alle nocb biergegen besteben- 
den Bedenken zerstreut. Wir konnen namlicb die Scbwierig- 
keiten und Unstimmigkeiten, die bei einer kulturell und sero- 
logisch orientierten Definition auftreten, nur dann umgeben, 
wenn wir den Salmonella-Begriff serologisch fassen. 

Wir versteben also — entsprecbend der obigen Definition 
— unter der Salmonella-Gruppe eine serologiscb zusammen- 
geborige Gruppe verscbiedener Typen, unabhangig davon, wie 
sicb diese Typen in kultureller oder patbogenetiscber Hin- 
sicbt verbalten. Wir bezeichnen also alle diejenigen Typen 
gramnegativer Bakterien als Salmonella-Typen, die auf Grund 
ibrer Antigenstruktur in das Kauffmann-White-Schema ein- 
gefiigt wrnrden konnen. Deshalb mussen aucb die bier be- 
scbriebenen 5 Coli-Typen mit Salmonella-Antigenen als Salmo- 
nella-Typen bezeicbnet werden, obwobl sie sicb kulturell wie 
Colistamme verbalten. Um diese Doppelstellung zu kennzeich- 
nen, nenne ich diese Typen »Salmonella coli«, sodass sie sero- 
logiscb auf gleicher Stufe mit »Salmonella typbi«, »Salmonella 
paratypbi«, »Salmonella enteritidis« u. s. w. steben. 

Da bierdurcb das Wort »Salmonella-Gruppe« nicbt mebr 
auf bestimmte Typen mit besonderer Vergarungsformel oder 
Pathogenitat bescbrankt ist, sondern dariiber hinaus alle sero- 
logisch zusammengehorigen Typen der gramnegativen Bak- 
terien umfasst, so gebrauchen nor fur die bisherige, engere 
Salmonella-Gruppe eine andere Bezeicbnung, die wohl am 
besten »Typhiis-Paratyphus-Enteritis-Gruppe^ lautet, zumal 
dieser Name in der Literatur gebrauchlich ist. 

Die Einfiihrung des umfassenden serologischen Begriffes 
»Salmonella-Gruppe« zwingt uns namlicb keineswegs dazu, die 
friiheren Begriffe s>Coli-Gruppe«, »Typhus-Paratyphus-Ente- 
ritis-Gruppe« u. a. aufzugeben, sodass diese besonders mit 
Rucksicht auf die medizinsche Praxis beibehalten werden kon- 
nen. Wir mussen uns nur bewusst bleiben, dass diese Gruppen 
unscharf definiert und schlecht von einander abgegrenzt smd. 
Tatsachlich konnen -mv heute nur einzelne Typen auf 
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Grund kultureller, serologischer und pathogenetischer Merk- 
male klar definieren; wir sind dagegen nicht in der Lage, ge- 
naue Gruppendefinitionen zu geben, und warden es wohl auch 
niemals konnen, weil es eben in der Natur keine scharf ab- 
getrennten Bakteriengruppen gibt. Die zukiinflige Forscbung 
muss also in erster Linie eine Tijpenforschung sein, zumal 
diese in atiologischer und epidemiologischer Hinsicht die ent- 
scheidende Rolle spielt. 

Es lasst sich im heutigen Stadium der Forscbung nicht 
ubersehen, wo spater die Grenzen der Salmonella-Gruppe 
liegen warden, d. h. welclie Typen gramnegativer Bakterien 
mit bestimmter Antigenstruktur einst von ihr umschlossen 
werden. In diesem Zusammenhange sei an die Untersuchungen 
von H. Schiitze iiber die serologischen Beziehungen der Pseudo- 
tuberkulose-Typen II A und II B zum IV-Antigen der Salmo- 
nella-Gruppe erinnert, die von F. Kauffmann (1932) naher 
analysiert wurden. 

Es ist moglich, dass die weitere Forscbung iiber die 
gramnegativen Bakterien hinausgehen wird, wenn nam- 
lich aucli grampositive Bakterien oder Kokken in das 
Kauffmann-White-Scbema eingefiigt werden konnen. Wir 
wiirden dann zu einem umfassenden Antigenschema gelangen, 
das — cbemischen Strukturformeln entsprechend — die sero- 
logischen Beziehungen der betreffenden Keime klarlegt. Die 
Salmonella-Gruppe ware dann nur ein Tail dieses Antigen- 
schemas, also gewissermassen ihr Kristallisationscentrum. 

Auf Grund dieser Auffassung, dass die Antigenstruktur 
der Bakterien ein Mosaik darstellt, das aus bestimmten, im- 
mer wederkehrenden Bausteinen besteht, ist der eingangs 
erwahnte Begriff der »Paragglutination<i: hinfallig geworden. 
Zwischen »Paragglutination« und s>Agglutination« besteht 
ntimlich iiberhaupt kein Unterschied, da beide dieselben spe- 
zifischen Immunitatsvorgange sind. Die Tatsache, dass be- 
stimmte Colistamme von Typhus- oder Dysenterie-Seren ag- 
glutiniert werden, ist keineswegs durch die vollig haltlose Hy- 
pothese zu erklaren, dass diese Colistamme im Darm des 
Kranken die betreffenden Antigene erworben haben, sondern 
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einfach dadurch, dass sie diese Antigene bereits batten. Dass 
eine solche »Paragglutination« bei weiterer Fortzitchtung 
der betreffenden Kulturen verschwinden kann, ist auf Grund 
unserer heutigen Kenntnisse kein Ratsel mehr, da bestimmte 
Antigene einem Formenwecbsel unterworfen sind, verloren 
gehen oder in Rauli-Antigene umgewandelt werden konnen. 

Der Begriff »Paragglutination« ist also fallen zu lassen, da 
es sich hierbei um nichts anderes als um eine Agglutination 
handelt und zwar auf Grund von Antigenen, die in den be- 
treffenden Keimen bereits vorhanden ivaren. 


Z usammenfassung. 

1) Es wird iiber verschiedene Coli-Kulturen bericbtet, die 
Salmonella-Antigene^ besitzen und zwar teils Vi- und H- 
Antigene, teils H-Antigene Oder teils 0-Antigene. 

2) Bei 3 Coli-KuIturen mit Vi-Antigen wurde der V-W-For- 
menwechsel nachgewiesen. 

3) Das Vi-Antigen der Coli-Kulturen ist mit dem Vi-Antigen 
von S. typhi, S. paratyphi G und S. ballerup serologisch 
identisch. 

4) Bei einem vierten Coli-Stamme, der eine negative Vi-Ag- 
glutination ergab, konnte das Vi-Antigen durch den Bin- 
dungsversucb nachgewiesen werden. 

5) Die bier beschriebenen Coli-Typen werden mit »Salmo- 
nella coli 1, 2, 3, 4 Oder 5« bezeicbnet und in einer Anti- 
gentabelle mit verwandten Salmonella-Typen zusammen- 
gestellt. 

6) Es wird die Notwendigkeit einer serologischen Salmo- 
nella-Definition; »SaImonelIa-Bakterien sind gramnega- 
tive Bakterien, die auf Grund ihrer Antigenstruktur in 
das Kauffmann-White-Schema eingefugt werden kon- 
nen«, betont. 

7) Durcb die Einfiihrung dieses iibergeordneten serologi- 
schen »Saimoneiia«-Begriffes udrd die Einteilung dieser 
grossen Gruppe gramnegativer Bakterien in mehrere Un- 
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tergruppen: »CoIi-Gruppe«, »Typhus-Paratyphus-Enteri- 
tis-Gruppe« u. s. w. nicht verhindert. 

8) Es wird auf die Notwendigkeit einer weileren, vor allem 
serologisch orientierten Typenforschung hingemesen, da 
^^ir nur in der Lage sind, die einzelnen Typen scharf von 
einander abzugrenzen, nicht dagegen die einzelnen Grup- 
pen, deren Definition mehr Oder weniger willkurlich blei- 
ben muss. 

9) Es wird iiber die nahere Analyse des XII-Antigens und 
den •s>XII-FormenivechseU berichtet. 

10) Der Begriff :»Paraggliitination« ist fallen zu lassen, da es 
sich hierbei um nichts anderes als um eine »Agglutina- 
tion« handelt und zwar auf Grund von Antigenen, die in 
den betreffenden Keimen bereits vorhanden waren. 

Inzwischen erhielt icb von H. Braiin, IE. Silberstein und 
N. Uelker eine Coli-Kultur »B« mit der Angabe, dass diese Kul- 
tur, die unter dem Namen »Colibazillus pseudosalmonella B 
Istanbul« beschrieben wurde, die IV. XII-Antigene enthalte. 
Ich kann diese Angaben bestiitigen und dahin erganzen, dass 
die Kultur »B« nicht das ganze XII-Antigen von S. reading 
enthalt, da der XIIj-Faktor fehlt. Das H- Antigen ist mit dem 
H-Antigen von S. coli 4 (IV. XXVII. XII. . . z^j) identiscb, so- 
dass die Antigenformel also IV. XII. . . z,j lautet. Wahrschein- 
lich handelt es sich bei dem Stainme »B« um eine Verlust- 
variante von S. coli 4, zumal auch das kulturelle Verhalten — 
mit Ausnahme von Mukat — dasselbe ist. 

Bei dieser Gelegenheit sei erwahnl, dass einem von E. Hor- 
maeche erhaltenen Bredeney-Stamme (25/1) das XXVII- An- 
tigen fehlt, sodass hier also eine Parallele zu dem Stamme »B« 
vorliegt. 

Ferner erhielt ich von IF. Silberstein eine Kultur »Ali« 
und von J. Hohn eine Kultur Nr. 9988 mit der Angabe, dass 
diese Kulturen vom VI. Vll-Serum stark agglutiniert wurden. 
Ich konnte dieses bestatigen und fand, dass sich beide Kul- 
turen von einander unterscheiden, und dass ihre 0-Antigene 
nicht mit dem VI. VII-Antigen identisch, sondern nur nahe 
ver^vandt sind. 
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Bei der Kultur 9988 wurden Kolonien festgestellt, die 
nicht vom VI Vll-Serum agglutiniert wurden, woriiber spiiter 
in einer besonderen Arbeit berichtet werden soli, 

Kiirzlich. konnte ich ans den Faeces eines 6 Monate alten 
Kindes (N), das an chronischer Dyspepsie litt, einen Coli- 
Stamm isolieren, der von mehreren Salmonella 0-Seren mil 
VI-Antikorpem agglutiniert wurde, aber von den oben er- 
wahnten Kulturen »Ali« und 9988 verscbieden war. 

Ausserdem wurde von J. Hohn eine weitere Coli-Kultur Nr. 
3570 mit der Angabe iibersandt, dass sie unspezifisches Sal- 
monella H-Antigen (1,5...) enthalte. Eine orientierende Un- 
tersucliung bestatigte diese Feststellung und ergab, dass hier 
ein neuer von S. coli 1 und S. coli 2 verschiedener Typus vor- 
liegt. 

Aus diesen Befunden geht klar bervor, dass es sicb bei 
derartigen Coli-Kulturen mit Salmonella-Antigenen nicht um 
Ausnahmen handeln kann, sondern um Angehorige einer gros- 
sen '^Salmonella coli'Gruppe«, die aus zahlreichen serologisch 
und kulturell verschiedenen Typen besteht. 
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During my earlier studies of the histophysiology of the 
prostatic epithelium I noticed, in different preparations, 
formations which could not be directly related to the intra- 
cellular phenomena associated with the production of secret- 
ion. In a number of osmiumstained preparations these drop- 
resembling formations are specially prominent. Moore, Price 
and Gallagher (1930) also observed similar greenish or grey 
drops in the prostatic epithelium of castrated rats after the 
preparations had heen fixed in osmium. The above-mentioned 
authors said the5' were not wholly clear on the nature and 
significance of these drops. In the present investigation pre- 
liminary experiments have shown that such preparations as 
were fixed and stained according to current methods for fat 
examination, in certain cases presented clear fat drops in the 




248 


same cellular regions as were described by the above-men- 
tioned writers. In earlier investigations, lipoids were oc- 
casionally observed in the prostatic epithelium of man and 
in certain animal species. On the basis of these data and of 
the findings yielded in preliminary experiments, the following 
questions were formulated; 

1. Is it possible to observe lipoids in the prostatic epithe- 
lium of the normal full-grown rabbit. 

2. In that case, is the presence of lipoids dependent on 
the cellular activity in the prostatic epithelium. 

3. Is it possible to observe any change in the fat content 
of the epithelial cells during the atrophy of the prostate 
which sets in if the stimulating effect of the testicular hor- 
mone on the prostate gland ceases. 

4. Are the lipoids singly or doubly refractive in polarized 
light. 

Material. In the present experiments 30 male rabbits in all were 
used. With regard to the selection of the test animals and their 
preparatory treatment the reader is referred to p. 40, vol XVIII, I, of 
this journal. According to Bomcis (1926), the lipoids in the prostatic 
epithelium of man are subject to changes which are dependent on 
age. As the present experiments refer exclusively to fully grown 
test animals, the age of the animals Avas standardized at about 1 
year. The picture of the cellular activity of the prostatic epithelium 
which forms the basis of this investigation, is built on the experi- 
ences made in two earlier investigations into the histophysiology 
of the prostatic epithelium (see this journal vol XVIII, I). 

The prostatic epithelium of normal test animals was examined 
during stages of comparatively Ioav cellular activity, a) after the 
rabbits had been living in complete isolation from other animals 
for months, b) when their cages had then been surrounded by 
oestrual females for a couple of days, and c) after coitus interruptus. 
During different stages of marked cellular actiA’ity, the prostatic 
epithelium was examined 15 seconds, 3 minutes, 6 minutes, 9 
minutes, 14 minutes, and 20 minutes after ejaculation. 2 rabbits 
per stage were used in these 9 experimental stages. The cellular 
activity in the prostatic epithelium Avas chiefly characterized bj 
production of secretion. — The A^arious degrees of epithelial ati ophy 
Avere observed in .an examination of the prostate gland after le 
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rabbits bad been castrated for 5 days, 10 days, 20 days and 60 days. 
3 rabbits \yere used in each of these 4 experimental stages. 

Tecliniq^te. By far the best and most reliable preparations -were 
obtained, when the tissue pieces were cut out and frozen in carbonic 
acid snow immediately after the animal had been chloroformed. 
The piece of tissue was not allowed to thaw before sections were 
cut with a freezing microtome and fixed according to Sclmltz- 
Braun's method. Fairly good preparations were also obtained when 
small bits of the gland were fixed for 5 — 6 hours in a ICL per cent 
formal or Orth’s solution. By the first-mentioned method the sections 
stuck without difficulty directly to a dry object-glass. After fixation 
in the two last-mentioned solutions it was advisable to dip the 
sections in thymol water and then attach them to an object- 
glass which had been smeared with levulose syrup. After all these 
fixations, sections were stained with Sudan III according to Daddi, 
with Schalach R according to Michaelis and with Sudan-Orange 
according to Bomcis. The nuclei were contrast-stained with hema- 
lun or methylen blue. In preparations made for the study of 
chondriome or Golgi apparatus in the cells of the prostatic epi- 
thelium, the fat was sometimes very well preserved, presenting 
opportunities for comparative studies of the mutual rj3|ation of the 
different cell constituents. — The I’efractive power of the fatty sub- 
stances was examined in an ordinary Zeiss polarization microscope. 

INVESTIGATIONS. 

Normal test anivials. Table 1 shows the presence of fat in normal 
rabbits. In the first column of the table are entered the results 
obtained by Schullz-Braun’s method. The second column includes 
the preparations fixed in formol, and the third column the prepara- 
tions which were fixed in Orth’s solution. The small columns indi- 
cate the staining methods. Ill means Sudan III, R means Schar- 
lach R, and R^ Sudan-Orange according to Bomeis. Is. denotes 
preparations from test animals which have long been isolated, sex. 
preparations from a male rabbit which has been kept in the neigh- 
bourhood of oestrual females, ci. denotes preparations made after 
coitus interruptus. The figures entered below the above terms denote 
the times, expressed in seconds or minutes, which have elapsed 
after the ejaculation up to the chloroforming of the test animals. 
The presence of fat is denoted by +, the absence of fat by — . The 
signs in the same horizontal line refer to the same gland and are 
the results of controls of the same gland by different methods. 

The table shows that the prostatic epithelium of normal rabbits 
does not usually contain fat. Only in 3 out of 18 rabbits did the 
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Experiment 

Schultz- 

Brauns 

Formol 

i Orth 

1 

stage 

ni 

R 

Ri 

III R R, 

III R R, 

is 

sex 

ci 

15 sec 

i 

II +1 1 

II +1 1 

1 

±? ±? = 

+? +? = 

= 

= 

= 

= = = 

= = = 

3 min 

6 min 

9 min 

14 min 

i 

i 


+ = = 

= = = 

20 min 

+ 

i 


± ± = \ 

= Z= = 


Table 1. 


prostatic epithelium contain fat. The fact that fat was mainly 
observed by the Schultz-Braun method no doubt is due to the 
superiority of this method. 

In spite of the fact that the fat occurred in somewhat different 
quantities in the prostatic epithelium of these 3 rabbits, its localiza- 
tion was on the whole identical. The epithelial cells in the first of 
these rabbits contained few and very small fat drops, the majority 
of which were situated just at the base of the cell, between the 
basally placed cell nucleus and the cell wall. In a fair number of 
cases, small internuclear fat drops were also seen. Fat drops were 
very rarely observed in the apical half of the cell. 

An abundant amount of fat was found in the prostatic epithelium 
of the rabbit which was chloroformed 14 min. after ejaculation. 
Large conglomerations of fat drops occurred in the most basal parts 
of the epithelial cells and also around, and especially lateral of, 
the basally situated cell nucleus. Fat drops 'vere only m exceptional 
cases found in the apical portions of the cells. Isolated little drop 
of fat could also be observed in the connective tissue lying close 

““ThfSrrntent of the proslatlc opithellum ” 
raPbit, la, halfway balwaen the intent of hpcad ™ 

- -- 

"’s r rnTr r;c .„bhna of .000 p-. 

state glands. ^ „ „,orp aii sinelv refractive in po- 

The fat drops described above were all s g y 

larized light. 
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Plate I. 

iMarked cellular activity in normal prostatic epithelium. No fat 
drops. Sclmltz-Braun. Sudan III. Enlargement 166 X. 



Plate 2. 

Incipient epithelial atrophj". The small dark granules are fat drops. 
Schnltz-Braitn. Sudan III. Enlargement 166 X. 
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Castrated test animals. Talile 2 shows the presence of fat in the 
prostatic epithelium of castrated test animals. The table is arranged 
like table 1. The figures denote the number of days during which 
the test animals were castrated. The preparations which were made 
at unequal intervals after bilateral castration present more regular 
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Table 2. 


values for the fat content of the proslatic epithelium than the 
preparations taken from noi-mal test animals. The table also shows 
that the results obtained with different methods of fixation and 
staining now better agree with one another. 

All the drops of lipoid which occurred in the epithelium after 
castration were singly refractive in polarized light. 

An account will be given below of fat conditions in the prostatic 
epithelium after castration and each experimental stage will be 
desci’ibed separately. 

Preparations taken 3 days after castration. In one of the test 
animals no fat could be observed in the- prostatic epithelium. 

The prostatic epitheiia of the other two test animals, on the other 
hand, closely resembled each other with regard to fat. Fat occurred 
very sparsely in these epitheiia. No fat whatever was obsei cable 
in some ceils. In other cells fat, in the form of one or several small 
drops, was visible. These drops w'ere usually found basally in the 
cell between the cell wall and the nucleus. Occasionally, a drop 
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Plate 3. 

Fairly clear epithelial atrophy. The small dark granules are fat 
drops. Sc1uiltz-Braui\. Sudan III. Enlargement 166 X. 



Clear epithelial atrophy. The small dark granules are fat drops. 
Scindtz-Braun. Sudan III. Enlargement 166 X. 
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occurred in a somewhat more apical position. No fat drons wpr» 
found in the apical half of the epithelial cells. ^ 

In the connective tissue lying close to the epithelium small fit 

trglaXar'imen." ^ 

Preparations taken iO days after castration. In this stage fat 



Plate 5. 

Advanced epithelial atrophy. The small dark granules are fat drops. 

Schultz-Braun. Sudan III. Enlargement 166 X. 

could be observed in all three prostatic epithelia. The fat drops 
Avere as a rule somewhat larger than in the preceding stage. They 
were also more numerous, occurring more frequently. Fat drops 
Avere scattered almost in every cell. Their localization was on the 
whole like the one observed in the preceding stage. In one of the 
glandular epithelia the drops of fat Avere sometimes croAvded 
together in small conglomerations. In the connecth'e tissue close to 
the epithelium several fat drops Avere also found, in some cases even 
at a fair distance from the epithelial cells. Many fat drops Avere ob- 
servable close to the small blood A^essels in the interstitial connectiA’e 
tissue. 

Preparations taken 20 days after castration. In this stage, also, 
fat occurred in all the examined prostatic epithelia. The drops of 
fat AA'ere someAvhat smaller than in the preceding stage. They were 
present in almost every cell and Avere very numerous. In two of 
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the examined epithelia conglomerations of fat drops could be 
observed. In the third case the drops were more scattered. 

In this stage, too, the fat drops were chiefly found in the most 
basal portions of the cell, but they could now more frequently be 
seen in increased numbers in the more apical parts of the cell. No 
fat drops were found in the lumina of the glandular ducts. 

Numerous fat drops were now found in the connective tissue 
supporting the epithelium. As the plate shows they could be found 
at a fair distance from the epithelium. A grouping close to the 
blood vessels was observable in these preparations, too. 

Preparations taken 60 days after castration. In this stage fat 
was also found in all the epithelia examined. Probably owing to 
the small size of the epithelial cells, the number of fat drops had 
decreased somewhat in this stage. The fat drops were noticeably 
smaller in volume than before. They were, however, very numerous 
and were present in most cells. 

Some cells were wholly filled with fat drops. No signet-ring- 
resembling cells occurred. In the cells where the fat drops were 
few in number they could not be observed to occupy any tjT>ical 
position in the cell. They u’ere scattered all over the cell. Fat drops 
were also present in the lumina of the glandular ducts. 

Around the glandular ducts in the surrounding connective tissue 
fat drops often occurred at a comparatively great distance from 
the epithelium. In castrated rabbits well preserved fat drops were 
also seen sometimes in chondriome and Golgi preparations. No 
signs indicating a close connection between the fat drops and these 
cell constituents could be observed. 


DISCUSSION. 

Kinoshita’s (1920) investigation shows that the fat con- 
tent of the prostatic epithelium varies in different animal 
species. This investigation showed that the epithelial cells in 
the prostate gland of the normal full-grown rabbit does not, 
as a rule, contain visible lipoids. Kunze (1922) found lipoid 
drops basally in the cells of the prostatic epithelium in dogs 
of all ages. Policard and Noel (1920) found two kinds of 
lipoid drops in men and dogs. In the most basal portions of 
the cell some drops consisting of neutral fat were found. In 
the apical cell portions extremely small phosphatid drops 
occurred. The latter could also be observed in a more basal 
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secretion itself. When histological preparations of the glan- 
dular tissue are prepared, most of the secretion of the gland 
as a rule flows away. 

Small fat drops are visible in the connective tissue close 
to the epithelium some time after castration. They occur in 
particular abundance in the neighbourhood of the small blood 
vessels, which are found in the connective tissue. Because the 
fat drops first appear in the basal portions of the cells and 
later on, in increasing quantities, further out in the connective 
tissue, and on account of their abundant occurrence close to 
the blood vessels in the connective tissue it seems, as if the 
fat drops served as a transport of substance away from the 
epithelium and the whole organ. This might constitute a form 
of fatty degeneration of the prostatic epithelium. 

All the fat drops observed in this investigation were singly 
refractive in polarized light. The same applies to the fat drops 
which commonly occur in the cells of the prostatic epithelium 
in full-grown men (Romeis 1926, Stieve 1930). 

The atrophy of the epithelium under the conditions here 
described greatly resembles the atrophy appearing in con- 
nection with so-called hj^pertrophy of the prostate. — Grif- 
fiths, as early as 1895, observed that numerous fat drops were 
found in the basal portions of the cells of the prostatic epi- 
thelium in a man with a hypertrofied prostate 18 days follow- 
ing bilateral castration. The author’s account does not make 
it clear whether these lipoids developed in consequence of the 
hypertrophy of the prostate or because of the castration. 


SUMMARY. 

1. In the prostatic epithelium of the normal full-grown 
rabbit no morphologically fusible lipoid drops are as a rule 
found. 

2. In some prostatic epithelia, however, small fat drops 
can be observed in the most basal portions of the cell. Tliey 
seem to occur independently of the cellular activity in the 
prostatic epithelium. 
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3. If the stimulating effect of the testicular hormone on 
the prostatic epithelium ceases, small fat drops occur first in 
the basal portions of the epithelial cells. Later on they also 
occur in increasing numbers in the surrounding connective 
tissue, chiefly in the vicinity of the small blood vessels of the 
connective tissue close to the epithelium. In stages of advanced 
epithelial atrophy the fat drops are again smaller and less 
numerous. 

4. All the fat drops observed in the present investigation 
were singly refractive in polarized light. 
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(AVS DEM PATHOLOGISCHEN LABORATORWM DES IUKS- 
HOSPITALS, OSLO. NORGE. LEITER: PROF. DR. MED. 
LEIV KREYBERG). 


DIE VERANDERUNGEN IM GEFaSSEPITHEL BEI 
ARTERIOSKLEROSE. 

Von Leif Efskind. 

(Eingegangen bei der Redaktion am 28. August 1940). 

1. EINLEITUNG. 

Bei den zahlreichen Untersuchungen, die iiber die Anato- 
mie, Atiologie und Pathogenese der Arteriosklerose angestellt 
■\vurden, bildete die Gefassintima den Gegenstand eingehender 
Studien, indent allgemein angenommen tvird, dass Intima- 
veranderungen bei diesem Leiden das Primare sind, wenn 
aucli von einzelnen (Tlioma) den Mediaveranderiingen Be- 
deutung beigelegt tvird. Die bisherigen Untersuchungen be- 
schaftigten sicli besonders mil den subepithelialen Gewebs- 
schicliten, walirend der anderen Gewebskomponente, dem Epi- 
thel, verhaltnismiissig wenig Aufmerksamkeit geschenkt wur- 
de; der vorliegenden Literatur nach zu urteilen, ist sie keiner 
systematischen Kontrolle unterworfen worden. 

Dies riihrt vermutlicli daher, dass die angeblicli ausge- 
priigtesten Veriinderungen bei der Arteriosklerose in den tie- 
feren Schichlen der Intima auftreten. Ausserdem diirften fei- 
nere cytologische Veranderungen im Epithel sich mit Hilfe 
der iiblichen Schnittmelhode schwierig beobachten lassen, da 
man sich in der Schnittebene nur schlechte Obersicht iiber 
die einzelnen Epithelzellen verschaffen kann. Die Methode 
erlaubt auch keinerlei Studium der Reaktion der Zellen als 
Teile eines Organs, der Epithelmembran. 
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2. EIGENE UNTERSUCHUNGEN. 
a. Fragestellung. Methodik. Material. 

Die vorliegenden Untersuchungen konzentrierten sich im 
wesentlichen auf das Verhalten des Gefassepithels, die tieferen 
Schichten der Intima warden aber ebenfalls systematiscli kon- 
trolliert. Sowohl unter normalen als unler pathologischen Ver- 
haltnissen wurde in der Aorta das Epithel verschiedener Ge- 
biete untersucht, jedoch unter besonderer Berucksicbtigung 
der Stellen, wo atheromatose und arteriosklerotiscbe Verande- 
rungen vorzugsweise aufzutreten pflegen, wodurch der Nach- 
weis eventueller pathogenetischer Momente angestrebt wurde. 
Die Untersuchungen warden vorgenommen an Menschen in 
den verschiedenen Alter ski assen, um die Epithelveranderun- 
gen in den verschiedenen Stadien der Atheromatose und Ar- 
teriosklerose studieren zu konnen, und wo moglich feststellen 
zu konnen ob diese im Vergleich zu den Veranderungen in 
den tieferen Schichten der Intima primar Oder sekundar sind. 
Falls die Ablagerung von Lipoiden, welche die beiden Pro- 
zesse begleitet, auf einer direkten Durchtrankung vom Blut 
aus beruht, w'ie von einzelnen Forschern angenommen wird 
{Virchow, Aschoff, Anitschkow) , diirfte sich dieser Vorgang 

erkennen geben in Gestalt nachweisbarer Lipoidtropfchen 
in Oder zwschen den Epithelzellen. 

Eine bislang ungeldste Frage ist ferner die Beziehung der 
Intimaveranderungen zu dieser Lipoidablagerung bei der Ar- 
terioskl erase und Atheromatose, indem mehrere Forscher die 
abgelagerten Stoffe als die unmittelbare Ursache der Intima- 
hyperplasie auffassen, wahrend andere annehmen, dass die 
bereits hyperplastische Intima diese Stoffe »abfange«. 

In dem man den Zustand des Epithels in den verschiede- 
nen Altera verfolgt, kann man sich Gelegenheit verschaffen 
das Verhalten desselben bei der in jugendlichem Alter auf- 
tretenden Atheromatose zu vergleichen mit dem bei der Ar- 
teriosklerose der hoheren Altersklassen, und moglicherweise 
Momente ausfindig machen. die das gegenseitige Verhiiltnis 
dieser beiden Prozesse beleuchten, was gleichfalls noch erne 
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umstrittcne Frage ist. So werden die beiden Prozcsse von ein- 
zelnen Verfassern {Virchow, Aschoff) als vollig voneinander 
nnabhiingig aufgefasst, wiihrend andere die Atheromatose als 
das Anfangsstadium der Arteriosklerose ansehen, wodurch 
erstere durchans nicht als gutartigcr stationarer Prozess ohne 
kliniscbe Bedeutnng betrachtet werden diirfte. 

Die vorliegenden Untersuclvungen ziclten weiterhin darauf 
ab, das Regenerationsverniogen des Gefassepithels in der Um- 
gebung der arteriosklerotischen Geschwiire zu studieren, und 
sicli an Hand der mdglicliervveise auffindbaren Potenzen einc 
Grundlage zu verschaffen, die Schliisse beziiglich seiner Be- 
ziehung zu anderen Deckgeweben zuliess und seine Einreihung 
unter dieselben. 

Die Untersuchungen wurden vorgenommen an Menschen 
in den Altersklassen von 0 bis 84 Jahren. Insgesamt -wurden 
62 Fiille untersucht, bei denen angenommen werden durfte, 
dass nicht die Todesursache histologische Veriinderimgen be- 
dingt, die zu eventuellen Fehlerquellen Anlass geben konn- 
ten. Die Proben wurden in samtlichen Fallen 12 Stunden naeh 
Eintreten des Todes entnommen, derart dass die postmortalen 
Veriinderungen in dem gesamlen Material etwa die gleichen 
sein diirften. Die Proben wurden an verschiedenen Stellen der 
Aorta entnommen, in einigen Fallen wurden ausserdem die 
Art. carolis und femoralis untersucht. 

Die histologische Technik bestand znm wesentlichcn Teil 
in der Herstellung von Hautchenpraparaten vom Epithel so- 
wie von den tieferen Schichlen der Intima. Die verwendcte 
Technik wurde von mir friiher angewandt und beschricben 
bei Studien iiber die serosen Haute, die Gefasse und die Ge- 
lenksynovialis. Daneben kamen die iiblichen Schnittpraparate 
zur Amvendung. Die Farbung der Priiparate geschah roulinen- 
rniissig nach der Heidenhainschen Eisenhamatoxjdinmethode. 
Ausserdem warden verschiedene Spezialfarbungen angewandt, 
die im wesentlichcn der Sichtbarmachung von Lipoiden, mu- 
cinoser Substanz und von elastischen Fasern dienen sollten. 
Znm Nachweis von Lipoiden wurde auch bei einer Reihe von 
Praparaten Impriignierung mit Osmiumpraparaten gebraucht. 
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Zur Impragnierung der Grenzlinien der Epithelzellen venven- 
dete ich eine l%ige Silbemitratlosung. 

b. Anatomische Befunde. 

Um eine Grundlage zu besitzen fiir die Beurteilung des 
Verhaltens des Gefassepithels unter pathologischen Zustiin- 
den, sei bier eine kurze Gbersicht gegeben iiber die Normal- 
anatomie des Epitliels in der menschlichen Aorta. Diese 
stimmt im wesentlichen iiberein mit dem histologischen Bild 
des Aortaepithels beim Kaninchen, das friiher von mir be- 
schrieben wurde.®) 

Das Epithel bildet liberall eine zusammenhangende Zell- 
schicht, in der praformierte Gffnungen, Stigmata oder Sto- 
mata, nicbt nacbgewiesen werden konnen. Das Epithel in der 
Aorta besitzt ausgepragt abgeflachte Spindelform (Abb. 1) 
mit ovalen Kernen, die gewohnlich einen kleinen Nukleolus 
enthalten. In der Vena cava ist die Form der Epithelzellen 
dagegen deutlich polygonal, und die Kerne sind mehr abge- 
rundet scheibenformig (Abb. 2). Dieser Unterschied der Zell- 
form in den Arterien und Venen ist, wie ich beim Kaninchen 
zeigen konnte, bedingt durch den verschiedenen Kontraktions- 
zustand der Gefasswand. Auch beziiglich der feineren cytolo- 
gischen Verhaltnisse ist die Ahnlichkeit zwiscJben der Epithel- 
membran der menschlichen und der Kaninchenaorta recht 
gross. Nur auf einen Umstand mochte ich himveisen, den ich 
bei der menschlichen Aorta starker ausgepragt land, namlich 
dass, dem Abgang der Intercostalarterien und anderer von der 
Aorta abgegebenen Aste, entsprechend, gewisse Abweichungen 
in der Form des Epithels vorkommen. Die Zellform ist nam- 
lich um die abgehenden Aste herum nicht wie sonst in der 
Aorta langlich (Abb. 3a), sondern deutlich polygonal (Abb. 
3b). Dies tritt besonders deutlich unmittelbar unterhalb der 
abzweigenden Arterie hervor. Die Annahme diirfte daher be- 
rechtigt sein, dass der Kontraktionszustand der Aortenwand 
um die Abgangstelle dieser Arterien herum von der Norm 
abweicht. Die Epithelzellen in diesen Gebieten sind ausserdem 
starker abgeflacht als gewohnlich, was darauf hmdeuten 
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konnte, dass die Distensionskrafte in diesen Gebieten starker 
sind als in der iibrigen Gefasswand, wenn man dies im Zu- 
sammenhang sieht mit den elastischen Kraften der Gefass- 
wand. Das Epithel der Gefasswand kann mit anderen Worten 
hier einer starkeren Dehnung ausgesetzt sein als an anderen 
Stellen, dasselbe gilt auch von den elastischen und musku- 
laren Elementen der Gefasswand. Auch in diesen Partien 
konnte ich niemals offnungen zwischen den Epithelzellen 
nachweisen. 

An den genannten Stellen findet man ausserdem, sogar 
in der Aorta bei Neugeborenen, nicht selten Epithelzellen, 
die sich in Degeneration befinden, auch findet man in der 
Regel mehr zweikernige Zellen als gewohnlich. Dies lasst sich 
in dem Sinne deuten, dass die physiologische Abnutzung in 
den Gebieten, wo Aste abgegeben werden, am starksten ist, 
und dass auch moglicherweise die Regeneration hier am leb- 
haftesten ist. Ob diese abweichende Anatomie des Epithets in 
irgendeiner Verbindung steht zu dem Umstand, dass Athero- 
matose und Arteriosklerose eben dieselhen Gebiete bevor- 
zugen, darauf soil weiter unten eingegangen werden. 

Das Epithel sowohl in der Aorta wie auch in der Hohlvene 
zeigen im iibrigen langsames physiologisches Absterben, in- 
dem Zellen mit degenerativen Veranderungen selten zur Be- 
obachtung kommen. Als Folge davon sieht man bei Erwach- 
senen nur ausnahmweise Zeichen von proliferativen Vorgan- 
gen im Epithel. Dasselbe gilt auch von den jugendlicheren 
Altersklassen, und selbst bei Neugeborenen sind Epithelzellen 
in Mitose ein ausnahmsweiser Refund. 

Bei den fruhen Formen der Atheromatose, die im vorlie- 
genden Material in der Altersgruppe 10 — 15 Jahre beobachtet 
wurden, von anderen Verfassern {Zinzerling, 1925) bereits im 
fruhen Kindesalter nachgewiesen wurden, findet man, dass 
das Epithel friihzeitig Veranderungen aufweist. Die Zellen 
nehmen ausgesprochen polygonale Form an, ohne dass ich 
jedoch finden konnte, dass ihr Hohendurchmesser zunahm, 
was von einigen Verfassern angegeben wurde, vielmehr wird 
ihre Plattenform noch starker hervortretend. Die Kerne neh- 
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men deutlich die Gestalt runder Sclieiben an, und das ganze 
Aussehen erinnert an normales Venenepitliel. Deutlich dege- 
nerative Veriinderungen der Kerne oder des Cytoplasmas wer- 
den iiber den kleinsten atheromatosen Herden nicht vorge- 
funden. Audi intrazellulare Vakuolen konnte ich nicht nach- 
weisen, die auf eine Ahlagerung von lipoider Suhstanz in den 
Zellen hindeuten konnte. 

In dem suhepithelialen Gewebe der Intima findet man in 
diesem Stadium bereits recht priignante Veranderungen. Das 
normalerweise vorhandene zellulare Netzwerk (Abb. 4) ver- 
scli-wdndet, und man sieht wde die Zellkerne alle Stadien von 
beginnender Pyknose bis zur volligen Degeneration aufweisen. 
Die cytoplasmatischen Auslaufer zeigen anfangs leichte 
Schwellung, und werden weniger deutlich als sonst gefarbt. 
Schliesslich werden sie ganz undeutlich und lassen sich dann 
nicht mehr mit Sicherheit von der strukturlosen, metachro- 
matischen Interzellularsubstanz unterscheiden (Abb. 5). Man 
erhiilt auf diese Weise ziemlich grosse zellfreie Partien ohne 
sichere Strukturierung, die von Mucikarmin rotlich gefarbt 
werden, und daher vermutlich schleimartiger Natur sind. In 
dem diese Partien umgebenden Gewebe kommt es oftmals zu 
einer Zellinfiltration, allerdings miissigen Grades, deren Zell- 
bestand im wesentlichen aus Lymphocyten besteht, dagegen 
nur aus spiirlichen Mengen grosserer mononuklearer Zellen, 
die keine sicheren Anzeichen phagocytarer Wirksamkeit auf- 
weisen. Dberzeugende Zeichen einer Fettablagerung trifft man 
bei diesen rein lokalen degenerativen Veranderungen in der 
Intima nicht an, und solche Veranderungen nimmt man daher 
in scheinbar vollig normalen Gefassen bei ganz j ungen Men- 
schen wahr. Infolge ihres anatomischen Aussehens diirften 
sie aber trotzdem zu friihen Stadien der Atheromatose in Be- 
ziehung zu setzen sein. 

Hand in Hand mit der Grossenzunahme der atheromatosen 
Flecken in der Aortenwand treten deutlichere Veranderungen 
im Epithet auf in Gestalt einer recht erheblichen Zellpoly- 
inorphie und sicherer degenerativer Veranderungen in den 
Zellen. Diese Veranderungen geben sich daran zu erkennen, 
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dass die feineren Cytoplasmaformationen, Mitochondrien und 
Golgiapparal, sich nicht darstellen lassen, sowde daran, dass 
pyknotische Veranderungen in den Zellkernen auftreten. Die 
Kerne konnen in vielen Fallen gross und aufgeblaht sein, 
wobei die Grosse nicht selten ein Mehrfaches der gewobnli- 
chen ist, zu Anfang konnen sie jedoch angenahert normalc 
Form besitzen. Spater treten intra- und perinukleare Vakuolen 
auf, wodurch der Kern deformiert wird, und meisten Nieren- 
oder Hufeisenform annimmt (Abb. 6). Dies kann bei der 
weiteren Degeneration zu einer Abschniirung des Kerns in 
mehrere Bruchstiicke Aniass geben. Diese Erscheinung darf 
aber nicht mit einer Zellteilung oder anderen proliferativen 
Vorgangen venvechselt werden, da es sich um einen rein 
degenerativen Prozess handelt. 

Auch nicht wahrend dieses Stadiums findet man Zeichen 
einer intra- oder extrazellularen Ablagerung von fettartigen 
Stoffen, dagegen zeigt das subepitheliale Gewebe reichliche 
Ablagerung derartigen Materials. Der uber%\'iegende Teil dieses 
Materials wird frei im Gewebe liegend vorgefunden, dagegen 
nur eine geringe Menge in phagocytierenden Zellen. Den 
atheromatosen Eartien entsprechend findet man nun in der 
Intiraa betrachtliche degenerative Veranderungen mit volliger 
Zerstorung des subepithelialen Gewebes und erheblichen Ver- 
anderungen der Membrana elastica. Ein nennenswertes Aus- 
treten von Fremdzellen wird dagegen nicht beobachtet. 

Die hier beschriebenen Intimaveranderungen, die bei den 
ausgebreiteteren Formen der Atheromatose zur Beobachtung 
kommen, und in meinem Material oft in den jugendlichen Ai- 
tersklassen auftreten, gehen ohne deutliche Grenze iiber in 
die histologischen Veranderungen, die bei der regelrechten 
Arteriosklerose angetroffen werden. Auch die ulzerierende 
Form der Arteriosklerose weist keine grundsatzlichen Abwei- 
chungen von dem geschilderten Bild auf. Dort, wo Geschwiire 
im Begriff stehen sich zu bilden, findet man im Epithel irre- 
versible Veranderungen des Schluss-Stadiums der Zellablo- 
sung. Ausserdem sieht man ziemlich vide epitheliale Riesen- 
zellen, deren Kernzahl starkt wechselt (Abb. 7) ; so sieht man 
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zum Beispiel nicht selten Zellen, die mehr als 20 Kerne ent- 
halten. Diese Zellen konnen anfanglich distinkte Grenzen be- 
sitzen, die sich daher auch mit Silbersalzen impragnieren las- 
sen (Abb. 7). Falls die Nachbarzellen sich abgelost haben, 
werden die Cytoplasmagrenzen undeutlich, auch fiirbt sich 
das Cytoplasma mehr basophil. Einschlusse von fremder Sub- 
stanz konnte ich nicht wahmehmen im Cytoplasma dieser 
Zellen. Die Zellkerne sind gewohnlich etwas kleiner als im 
gewohnlichen Gefassepithel, und die Kernform ist mehr 
ovoid. Oft weisen die Kerne Zeichen der Degeneration in Ge- 
stalt von Pyknose und unregelmassiger Konturierung der 
Kernmembran auf; ein deutliches Cytozentrum ist nicht vor- 
handen, ebensowenig Centriolen. Die Kerne liegen haufig zen- 
tral im Cytoplasma ohne hestimmte Anordnung; nicht selten 
•\verden sie mehr peripher angetroffen, kreis- oder hufeisen- 
fdrmig angeordnet. Ebenso wie die Kernzahl schwankt auch 
die Menge des Cytoplasmas stark, was den Zellen ein stark 
polymorphes Aussehen verleiht. Diese Zellen besitzen tau- 
chende Ahnlichkeit mit den Riesenzellen, die von mir friiher 
beschrieben wurden im Gefassepithel des Menschen nach 
Rontgenbestrahlung mit grossen Dosen und harten Strahlen. 
Ihre Genese diirfte auch an Hand dieser Untersuchungen ver- 
mutlich in derselben Weise zu erklaren sein, namlich als das 
Produkt einer liblichen Kernmitose unter Ausbleiben der 
Cytoplasmaabschniirung im Diasterstadium. 

Ist es zur Ausbildung regelrechter Geschwure gekommen, 
findet man zahlreiche Riesenzellen in dem umgehenden Epi- 
thel. Auf Grund ihrer Lokalisierung an Stellen, an denen Epi- 
thelzellen in grosser Zahl zugrundegehen, und auf Grund ihrer 
Morphologic und Genese, liegt es nahe sie als proliferatives 
Produkt der normalen Epithelzelle aufzufassen, die infolge 
des pathologischen Wachstumsmilieus ein eigentiimliches 
Aussehen erhalt. In der Umgebung der Defekte findet man 
iibrigens ebenfalls ein wechselndes Zellbild. Man findet zum 
Beispiel ganz kleine Epithelzellen (Abh. 8) mit sparlichem 
Cytoplasma und Kernen, die etwa halb so gross sind we die 
normalen. Von diesen Zellen sind einige deutlich degenenert 
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Tind konnen als stark geschrumpfte normale Zellen gedeutet 
■sverden, man findet aber auch solche kleinen Zellen, die keine 
histologischen Zeichen einer Degeneration aufweisen. Diese 
Zellen sind ausnahmslos einkernig, und weisen iiberhaupt 
keine Zeichen einer proliferativen Wirksamkeit anf. Um die 
Ulzerationen herum konnen in dem nmgebenden Epithelsaum 
Zellen angetroffen werden, die sich in gutem Kontakt init 
ihren Nachbarzellen befinden, und daher leicbt impragnier- 
bare Grenzlinien besitzen. Dies deutet darauf bin, dass der 
destruktive Prozess sowie die Ausbreitung des destruktiven 
Prozesses einen iiusserst chronischen Verlauf besitzen. 

Zwischen den Epithelzellen findet man verhaltnismiissig 
'wenige ausgetretene Zellen, dagegen kann man dem Wund- 
boden entsprecbend einen reichlichen fibrinosen Bclag finden, 
der von Leukocyten infiltriert ist, und der wahrscbeinlich 
bedingt ist durch direkte Abscheidung aus dem stromenden 
Bint. Regelrechte Thrombenbildung wurde dagegen selten 
nachgewiesen in dem vorliegenden Material. 

In dem subepithelialen Gewebe findet man in diesem 
ulzerativen Stadium ebenfalls im wesentlicben regressive Ver- 
anderungen, wahrend die reparatorischen Prozesse vollig in 
den Hintergrund treten. Immer wird dagegen eine deutiiche 
Intimaverdickung vorgefunden, die jedoch eher durch abge- 
lagerte Substanz bedingt ist als durch aktive Proliferation 
von seiten des Gewebes. Die Entzundungszellenreaktion ist 
verhiiltnismassig gering, allerdings findet man einige Lym- 
phocyten und einige wenige phagocytierende Zellen. Zeichen 
einer nennenswerten Reaktion von seiten der Vasa vasorum 
konnte ich nicht feststellen. 


3. CBERSIGHT. 

Durch die klassischen Untersuchungen von Anitschkow 
iiber experimentelle Cholesteatose sonde spiitere Arbeiten von 
Anitschkow und seiner Schule {Chalatow, 1914, Wolkoff, 
1924, Zinzerling, 1923) und durch dem Nachweis der Ahn- 
lichkeit dieses Prozesses mit der menschlichen Atheromatose 
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und Arteriosklerose wurde die Pathogenese der letzteren in 
ein neues Licht geriickt Bei der menschlichen Atheromatose 
findet man gleiclifalls, dass der iibenviegende Teil der abge- 
lagerten Lipoide aus Cliolesteriii besteht i^Vindotis, 1910) 
ein kleiner Teil dagegen aus Phosphatiden {Schonheimer, 
1926) og Galaktosiden {Kimmelstiel) . Aschoff yertrathier die 
Ansicht, die schon von Virchow angedeutet worden war, dass 
diese Ablagerung geschehe durch direkte Durchtrankung der 
Gefasswand mit lipoidhaltigem Plasma, und die gleiche Ge- 
nese wird von Anitschkow angenommen bei der experimen- 
tellen Cholesterinablagerung. 

Indem ich Epithel von verschiedenen Stellen der normalen 
menschlichen Aorta untersuchte, konnte ich eine Abweichung 
der Form des Epithels um die Abgangsstellen der Intercostal- 
arterien herum, besonders in der Partie unterhalb derselben, 
nachweisen. Die Kontinuitat der Merabran ist aber in keiner 
Weise unterbrochen, und es gelang mir nicht bei meinen Ver- 
suchen an menschlichem und tierischem Material Anhalts- 
punkte dafiir zu gewinnen, dass das Epithel an diesen Stellen 
Permeabilitatsverhaltnisse aufweist, die es in eine Sonder- 
klasse stellen. Auch die Ablagerungsverhaltnisse und die iibri- 
gen funktionellen Eigenschaften bieten keine sicheren Unter- 
schiede dar. Die etwas eigenartige Morphologic dieser Stellen 
ist vermutlich in Verbindung zu setzen einerseits mit den ab- 
weichenden Spannungsverhaltnissen in der Gefasswand, die 
bedingt sind durch die veranderte Architektur der elastischen 
und muskularen Elemente, welche die Abgabe von Asten mit- 
sichfiihrt, andererseits mit Veranderungen des intravasku- 
laren Drucks und der Stromungsverhaltnisse im Blut. Die 
• nachgewiesenen normala'natomischen Epithelveranderungen 
kdnnen daher schweriich als Erklarung dafiir dienen, dass 
die genannten Stellen bei der normalen und experimentellen 
Atheromatose Pradilektionsstellen fiir die Ablagerung von 
Lipoiden (Anitschkow) sowie fiir die Ablagerung eingefiihrter 
kolloidaler Farbstoffe bei Tieren sind (Glasunow, 1926, Oku- 
neff, 1926). 

Durch Untersuchung des Epithels in der Aorta m ver- 
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schiedenen Altersklassen konnte ich nacliweisen, dass man 
bei der beginnenden Atheromatose die friihzeitigsten Vertin- 
derungen im subepithelialen Gewebe der Intima vorfindet, 
und erst spater im Epithel. Bei der experimentellen Choleste- 
rinsteatose bei Tieren wird von verschiedenen Untersuchern 
angegeben (Wacker u. Hiieck, 1913, Saltgkoiv, 1914, McMeans, 
1915, McMeans u. Klotz, 1916, Bailey, 1916, Stuckey, 1912, 
Steinbiss, 1913), dass man in der Regel intraepitheliale Li- 
podtropfchen wabrninimt, bevor eine Ablagerung von solchen 
in den tieferen Schichten der Intima nachgewiesen werden 
kann. Bei Verwendung der gewohnlichen Schnittmethode, 
welcher sich die genannten Verfasser bei ihren histologischen 
Untersuchungen bedienten, ist es aber erstens niclit immer 
leicht selbst in der normalen Kaninchenaorta das Epithel zu 
Gesicht zu bekommen, und zweitens kann unter diesen ex- 
perimentell-pathologischen Bedingungen das Gefassepithel 
leicht mit Makrophagen verwechselt werden, die an der In- 
nenseite der Gefasse angetroffen werden und fettartige Stoffe 
enthalten konnen. 

Selbst dort, wo in den tieferen Schichten der Intima reich- 
liche Ablagerung von Lipoiden stattgefunden hatte, konnte 
ich niemals inlra- oder interepitheliale Fettropfchen nach- 
weisen. Dagegen konnte ich in den tiefen Schichten der In- 
tima, ehe es zu einer nachweisbaren Ablagerung von Lipoid 
kam, lokale Partien feststellen konnen, die deutliche mucinose 
Degeneration von Bindegewebe und Grundsubstanz auhvie- 
sen, unter Auflosung des normalen fibrillaren Netzwerks. Der 
von mehreren Verfassern vertretene Standpunkt, dass die Li- 
poidablagerungen das Primare und die degenerativen und 
hyperplastischen Verjinderungen in der Gefasswand sekundar 
seien, erhalt durch das vorliegende Material keine Stiitze. Die- 
ser Standpunkt stimmt auch nicht mit dem uberein, was man 
bei der Fettdegeneration in anderen Organen findet. 

In den Friihstadien des atheromatosen Prozesses findet 
man in der Intima keine leukocytare Zellreaktion, weder zwi- 
schen den Epithelzellen noch in den tieferen Schichten, und 
das abgelagerte lipoide Material liegt grossenteils extrazellu- 
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liir. Die primare Degeneration in den tieferen Sclnchtcn der 
Intima gibt Aniass zu prolifer ativen Prozessen im Bindege- 
webe, und diese Intimaproliferation ist deshalb nadnveisbar 
bevor es zur Ablagerung von lipoider Substanz kommt. Ob 
diese Proliferation durch die Ablagerung noch weiter ange- 
regt wird, dafiir liefern meine Untersuchungen keine adaquale 
Antwort. Gegebenenfalls musste diese Frage zum Gegenstand 
einer experimentellen Untersuchung gemacht werden, wobei 
die betreffenden Stoffe direkt in die Gefasswand einzuspritzen 
waren. 

Meine histologischen Untersuchungen iiber die Verande- 
rungen des Gefassepithels zeigen keinen grundsatzlichen Un- 
terschied zwischen den Befunden bei der juvenilen Atheroma- 
tose und bei den ernsten Formen der Arteriosklerose in den 
hdheren Altersklassen, bei denen Geschwiirbildung auftritt. 
Histologisch ist vielmehr der Obergang zwischen diesen beiden 
Zustanden fliessend. Dies steht auch in gutem Einklang mit 
meiner Auffassung, dass die Epithelveranderungen sekundar 
sind im Vergleich zu den Veranderungen in den tieferen Tei- 
len der Intima. Die vorliegenden Untersuchungen liefern da- 
her keinen enlscheidenden Beitrag zur BeleucMung der Be- 
ziehung zwischen diesen beiden Prozessen, sic scheinen je- 
doch darauf hinzudeuten, dass ein Wesensunlerschied zwi- 
schen den beiden kaum vorliegen diirfte. Dass die im jugend- 
lichen Alter auftretende Atheromatose oft ein reversibler Pro- 
zess sein konnte, wie einzelne Untersucher behaupten, ist 
kaum anzunehmen auf Grund der nachgewiesenen primaren 
degenerativen Veranderungen in den tieferen Schichten der 
Intima und auf Grund des mangelhaften Reparationsvermd- 
gens, welches die Gefassintima, meinen Untersuchungen zu- 
folge, aufweist. Dass diese Form der Atheromatose nahezu 
stationiir oder nur sehr langsam progredierend sein kann, ist 
dagegen mit meinen anatomischen Befunden gut vereinbar. 

Das Regenerationsvermogen des Gefassepithels, den athe- 
romatosen -Flecken und den arteriosklerotischen Geschwiiren 
entsprechend, ist sehr gering. Die nachgewiesene Hypertrophic 
einzelner Zellen, some die Bildung von Riesenzellen durften 
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indessen als proliferative Tendens aufzufassen sein. Diese 
geringe regenerative Fiiliigkeit steht auch im Einklang mit 
meinen friiheren Untersucliungen iiber Wundheilung im Ge- 
fassepithel, die ebenfalls langsam war im Vergleich zu ahn- 
licben Vorgangen in anderem Deckgewebe. Audi die tiefen 
Teile der Intima weisen ein verbal tnismassig geringes Re- 
generationsvermogen auf. Dieses Verhalten diirfte auf die 
eigentiimlichen Ernahrungsverhaltnisse dieses Organs zuriick- 
zufiihren sein, denn es diirfte geradezu als avaskulares Organ 
aufgefasst werden diirfen. Dies hat wiederum zur Folge, dass 
es unter pathologischen Verbal tnissen zu einer sdiwachen Re- 
aktion in Form eines Austretens von Zellen aus dem Blut 
kommt, weldiem Vorgang wesentlidie Bedeutung fiir manche 
biologisdien Vorgiinge beigemessen wurde {Kjxr, Carrel). 
Robertson (1929) bat bei seinen Untersucbungen uber die 
Aorta festgestellt, dass die beste Gefiissversorgung vorgefun- 
den wird in der Umgebung der Abgangstellen der kleinen Ar- 
terienaste, also an den Stellen, die von den obengenannten 
pathologisdien Prozessen bevorzugt werden. Aber, selbst wenn 
dies riditig sein sollte, durften diese Gefasse kaum von Wicb- 
tigkeit sein fiir die Ernahrung der Intima, sondern lediglich 
Bedeutung besitzen fiir die iibrigen Schichten der Gefasswand. 

Die vorliegenden Untersucbungen geben zu Zweifel iiber 
die Richtigkeit der Tbeorie Anlass, dass die primare Choleste- 
rindurchtrankung der Gefasswand den wesentlichen geneti- 
schen Faktor bei der Atheromatose und Arteriosklerose dar- 
stelle. Im gleichen Sinne sind auch tierexperimentelle Unter- 
suchungen zu deuten iiber das Verhalten der Aortenwand ge- 
geniiber feinkolloidalen (Trypanblau) und grobkolloidalen 
Stoffen (Thorotrast). 

Meiner Ansicht nach sind Atheromatose und Arterioskle- 
rose bei im iibrigen normalen Menscben anatomisch in eine 
Klasse zu setzen. Das Auftreten dieser Zustiinde diirfte jeden- 
falls teilweise aufzufassen sein als »Ermudungssymptom«, 
als physiologische Abnutzung der tieferen Schichten der Ge- 
fassintima, die sich besonders an Stellen zu erkennen gibt wo 
Disbarmonie auftritt zwischen den intravaskularen Druck- 
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und Spaiinungsverhaltnissen und der Widerstandskraft der 
Gefasswand. 


4. SCHLUSSFOLGERUNGEN. 

1. Das normale Gefassepithel zeigt an den Pradilekttonsstel- 
len der Atheromatose und Arterioskierose morpkologi- 
sche Abweichungen, die als beruhend auf abweichenden 
Kontraktionsverhaltnissen der Gefasswand an diesen Sto- 
len auf gef asst werden. 

2. In der Gefasswand faei Jugendtichen wurden ortliche de- 
generative Veranderungen in den tieferen Schichten der 
Intima nachgewiesen ohne feststellbare Lipoidablagerung. 

3. Die Intimaproliferation ist nicht seiten sekundar im Ver- 
gleicb zu den degenerativen Veranderungen. Die abgela- 
gerten Lipoide spielen schwerlich eine Rolle fiir dicse 
weitere Wucherung, 

4. Die Veranderungen im Gefassepithel sind sekundar im 
Vergleich zu den nachgewiesenen tieferen Intimaveran- 

■ derungen. Ablagerung von Lipoid im Epithel wurde nicht 
beobacbtet. 

5. Die Epithel- und Intimaveranderungen deuten darauf bin, 
dass zwischen Atheromatose und Arterioskierose kein 
grundsatzlicher Unterschied besteht. 

6. Das Regenerationsvermogen des Gefassepithels ist auch 
unter diesen Verbal tnissen sehr gering. 

7. Eine \vichtige Rolle spielen dabei wahrscheinlich die ei- 
gentiimlichen Ernahrungsverbiiltnisse der Gefassintima. 
Letztere diirfte als gefassloses Organ anzusehen sein, und 
demzufolge geringe zellulare und proliferative Reaktion 
auf anormale Zustande aufweisen. 
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DR. F. G. GADE'S LABORATORY OF PATHOLOGY 
AT BERGEN, NORWAY. 


ENDEMIC OCCURRENCE OF TYPHOID FEVER 
ON THE WESTERN NORWEGIAN COAST 
BETWEEN 1918—1939. 

By Th. M. Vooclsang. 

(Received for publication Septembei- 3rd 1940). 

Typhoid and paratyphoid B fevers have until quite recently 
occurred sporadically along the western coast of Norway. 
Speaking quite generally, the two diseases have each had 
their particular localizations. Although both converge towards 
the traffic centres, dispersions have occasionally occurred 
beyond these centres in different directions. A centre which 
until quite recently has given rise to nearly annual endemics 
of typhoid fever is situated in the district of Stord among 
the rocky islands on the coast-line beyond Bergen. Cases of 
typhoid fever which have been recorded in this district from 
1918 are shown in Table 1. 

The Stord district (Fig. 1) has an area of about 130 square 
miles and was populated by 6.886 inhabitants on December 
1. 1930. The district consists of the large Stord island and 
rocky slopes in the chain of smaller islands on the western 
Norwegian coast. On the Stord island two relatively densely 
populated places are found, namely Lenuk and Sagvaag. Ler- 
vik, which is situated on the eastern side of the island, is the 
centre for local coast-line steamers. Only a few cases of para- 
typhoid B fever and no case of typhoid fever have occurred 
at this place. Sagvaag is situated on the south-western part 
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Table i. 

Reported cases of typhoid fever in the district of Stord durin^r 
the years 1918—1939. 

Number of 


Year 

typhoid I 

1918 

14 

1919 

4 

1920 

2 

1921 

0 

1922 

0 

1923 

6 

1924 

5 

1925 

8 

1926 

8 

1927 

2 

1928 

13 

1929 

6 

1930 

3 

1931 

11 

1932 

3 

1933 

0 

1934 

1 

1935—1939 

0 

1918—1939 

86 


of the island, which faces the outward rocky islands. At this 
place several industrial factories are found. Sagvaag is also 
the export place for the nearby silex mines. Thus the place 
boasts of many farmers as well as industrial labourers. The 
four village storekeepers also handle the sale of milk. In 
this locality and its vicinity outbreaks of typhoid fever have 
occurred nearly every autumn for a number of years. In the 
autumn of 1928 11 cases appeared. All the patients, ndth the 
exception of one contact case, had got their milk from the 
same storekeeper at Sagvaag. This storekeeper J. informed us 
that he got his milk supply from 3 different farms in the 
vdcinity of Sagvmag. The investigation, which was inspired by 
the outbreak of typhoid fever in 1928, failed to reveal the 
source of infection. 

The storekeeper’s mother was among the diseased and 
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later continued to excrete typhoid bacilli wth the faeces. This 
source of infection was suspected to be the cause of 6 new 
cases of typhoid fever which occurred in the neighbourhood 
in the autumn of 1929. However, this suspicion was quickly 
dispelled. This woman’s husband, a former baker at Sagvaag, 
had been compelled to quit his business because his customers 
feared that he might have been infected by his carrier wife. 
He had now bought a house on the outskirts of Sagvaag 
where he and his vnfe lived quite isolated. After settling down 
at their new place, the woman-carrier had not ventured beyond 
the garden gale, and her storekeeper son had not seen her 
the last month before the outbreak of typhoid fever in the 
autumn of 1929. 

The first two cases of typhoid fever which occurred at 
Sagvaag in 1929, were a labourer and his wife w’ho took ill 
towards the end of September. They had never purchased the 
milk from storekeeper J. The last month before they took 
ill they got the milk from a small farm, S. The other 4 cases, 
however, had got the milk from storekeeper J. Meanw’hile 
the delivery of milk to storekeeper J. had become more 
complicated than in 1928. When the demand for milk became 
unusually great, he obtained extra supplies from other farms 
to supplement the usual 3 ordinai'y supplies. Thus if one of 
the Sagvaag milk shops ran short of milk, they borrowed 
milk from another shop. Besides, every autumn during the 
last 5 years storekeeper J, had for some months got milk 
from farm S., from ■which the couple, wdiich w^ere the first 
persons infected in the autumn of 1928, had been supplied 
with milk directly. 

The farm S. is situated half an hour’s distance from Sag- 
vaag. It is a rented property only large enough to maintain 
one cow. The house shelters the farmer and his wdfe and 4 
small children, as well as the wife’s mother, aged 75. Typhoid 
bacilli were isolated from this old woman’s faeces. She is 
still alive and repeated examinations reveal that she continues 
to be a chronic typhoid carrier. She is the widow of a Stord 
farmer. When she was discovered as a typhoid carrier she 
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admitted that she had suffered from x>a bad stomach« for 
several years, and had occasionally had »cramps in her 
stomach«. Roentgenography in 1929 revealed cholelithiasis. 
Except for these complaints she had never suffered from any 
illness. After the delivery of each of her 12 children she had 
been confined to bed only a few days. Several of the children 
had emigrated to U. S. A. No history of typhoid fever is 
available among her children or grand children except for a 
suspicious protracted fever which her son suffered from in 
1913, he was treated by a quack. 

After her husband’s death in 1910 she continued to live on the 
farm until 1918 when she moved to live wdth a daughter not 
far from Sagvaag. Tliat same year 4 cases of typhoid fever 
appeared in the neighbourhood, namely a labourer’s wfe and 
3 children. No direct communication has been established be- 
tween the chronic carrier and tliese instances of typhoid 
fever. 

In 1920 she moved to farm S. with her daughter’s family. 
All the cases of typhoid fever which have occurred in Sagvaag 
can subsequently be traced to this chronic tjqihoid carrier. 

Thus in the summer of 1920, two brother labourers living 
separately in a small house near SagA'aag got their milk from 
farm S., by the end of July 1920 both had been attacked with 
typhoid fever. The house remained vacant during the next 
3 years until their parents moved in in Julj' 1923. At the same 
time they started getting their milk from farm S., and 
already in September 1923 they Avere both taken ill ^^^th ty- 
phoid fever. Their two sons, who had had the disease in 1920, 
were now employed elsewhere. Later in the year farm S. 
began to deliver milk to another labourer’s family near Sag- 
vaag. Subsequently, the labourer and 2 children got ill in 
October 1923. At the same time another labourer living a 
mile off was attacked with tjqihoid fever. A few weeks earlier 
this labourer had worked with electrical installation near 
Sagvaag and for one day had taken his meals with the afore- 
mentioned family. Among his family of 6 he was the only 
one who contracted the disease. 
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The following autumn, 1924, the family liwng next to 
the house where typhoid fever had occurred in 1920 and 1923 
got their milk from S., and out of eight persons in the house- 
hold five were attacked with typhoid fever. Only the three 
youngest children escaped the disease. 

In 1925 milk was for the first time delivered from S. to 
the storekeeper J. at Sagvaag. This autumn typhoid fever 
occurred in three different places among labourers who had 
bought their milk from J. In one of these places the labourer 
himself as w^ell as his wife were attacked. In the same house 
there lived three other families who got their milk elsewhere 
and avoided the disease. 

During 1926 and 1927 no case of typhoid fever occurred 
at Sag^mag or its vicinity in spite of the fact that milk 
deliveries took place for some months in the autumn during 
this time both from farm S, and storekeeper J. The fact is 
that the chronic typhoid carrier was not staying at Stord at 
this time as she had left for U. S. A. in October 1925 to 
visit some of her children, but having attended church three 
times -without understanding the language in which the sermon 
was preached, she became uneasy about ending her life under 
such circumstances, and she returned to her daughter at Stord 
in 1928. 

The following autumns of 1928 and 1929 when delivery 
of milk from farm S. to storekeeper J.’s shop at Sagvaag had 
been resumed, cases of typhoid fevmr reappeared. In 1928 there 
appeared 11 cases in 10 households and 6 further cases in 
5 other families in 1929. Each of the diseased persons had 
got their milk from storekeeper J., except the aforementioned 
f am ily who received their supply directly from farm S., and 
a nurse who was infected in the autumn of 1928 while at- 
tending one of the other typhoid patients. 

This survey reveals the fact that a total of 34 cases of 
typhoid fever in the vicinity of Sagvaag from 1920— -1929, 
-^^'ith the exception of one single instance of direct contact 
infection in 1928, can be traced to the chronic typhoid earner 
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on farm S., and that the contagion has been spread by means 
of the milk delivered directly or indirectly from farm S. 

During all these years serious consideration has been given 
to sundry means of contagion conveyance, such as wells and 
sewers, especially where the disease has frequented the same 
household repeatedly and has given rise to the connotation 
of »typhoid houses«. Thus we have seen one such household 
in which the disease appeared in 1920, disappeared during 
the vacancy of 3 years, and reappeared immediately after the 
arrival of a new family. Likewise in another household the 
disease occurred in 1923, 1928 and 1929. The farmer tenants 
had not become aware of the fact that each time the disease 
occurred in these so-called »typhoid houses®, the patients had 
got their milk from the same milk deliverers. 

It being a milk-borne endemic one is particularly struck 
by the relatively high frequency of men who catch the disease. 
All are labourers with homes and families elsewhere who 
spend the entire week working at Sagvaag, partly as seasonal 
labourers, and who buy their milk from storekeeper J. As 
soon as they fall ill they return to their families and fail to 
call a physician until they have arrived home. The curious 
thing is that in spite of the late isolation of these patients, 
not a single case of contact infection can be pointed out in 
these labourers’ families. 

Inasmuch as all the cases of typhoid fever which have oc- 
curred in this district during the period of 1920 — 1929 can 
be explained as being caused by milk-borne infection traceable 
to the chronic carrier on farm S., one might expect that the 
disease would disappear after the source of infection had 
been rendered harmless by the safe isolation of the carrier. 
During the subsequent decade only one single case of typhoid 
fever occurred in this district. This case was found in 1930 
and no connection could be traced with the well-known car- 
rier. Now it is known that this case was infected from one of 
the small islands beyond Sagvaag where endemics of typhoid 
fever have been common during many years. 

The distance between Sagvaag and these small islands is 
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approximately 12 — 15 miles. These islands are situated on 
the outward western rocky slopes of Norway (Fig, 2). The 
settlements on these islands are very scattered, the com- 
munications are scarce and very little traffic goes on between 
the different islands. The main livelihood is fishing sup- 
plemented with very limited farming. The sale of milk takes 
place only rarely. The typhoid fever area is confined within 
about 8 square miles where sporadic cases of the disease have 
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occurred. The disease has spread heyond the area on a few 
occasions only. 

In 1918 the entire household of 11 members was attacked 
by typhoid fever on Island A. The source of infection remains 
unknown. In 1931 a man on Island C became infected with 
the disease during a visit to Island A. Subsequent ex- 
aminations revealed 2 chronic typhoid carriers on Island A, 
namely, 2 women aged respectively 59 and 72, the ^^dfe and 
the sister of the farmer. A previous single case of the disease 
occurred on this island in 1919 in a young girl who probably 
was infected by one of the two carriers already mentioned. 

In 1925 a man from another district visited his parents- 
in-law on Island B. Immediately after his return home he 
was confined to bed with typhoid fever and he infected his 
wife and his brother. At the same time his mother-in-law 
and his sister-in-law were taken ill on Island B. All these in- 
fected persons were probably mfected through milk delivered 
from the farm on Island A where the two carriers lived. 

In 1931 a woman on Island G was struck with typhoid 
fever after a prolonged visit to Island E. Only one solitary 
family consisting of husband, wife and a son, lived on this 
latter island. Examinations revealed that the 55 years old 
wife was a chronic typhoid fever carrier. In 1925 she had been 
indisposed with diarrhoea and a severe headache for a fort- 
night without calliug iu a physician. Afterwards her husband 
became ill for 3 months wdth a malady suspected to have 
been pneumonia. It is probable tliat both were ill with typhoid 
fever. The family was exceedingly poor and partly supported 
itself by travelling about the island rag-picking. It is possible 
that the wife was infected during her travels on Island A or 
B. The following year, 1926, their only son was attacked by 
the disease. After convalescence these rag-pickers wsited an- 
other part of the district where 3 persons were infected with 
tjTihoid fever. The aforementioned case of typhoid fever at 
Sagv’aag in 1930 also contracted the disease after having ensiled 
this family on Island E. It is most probable, therefore, that 
he became infected from the carrier on this island. 
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On island C, which lies opposite to Island A, there is a 
cluster of 6 households and a store. In 5 of these households 
typhoid fever has occurred since 1926. In February 1926 the 
wife of the storekeeper fell ill with a disease regarded as 
pneumonia. The following month one after another got ill 
in this house. It was not until late in the summer that a 
diagnosis of typhoid fever was made. The faeces of the person 
first attacked was examined for typhoid bacilli wth negative 
results. One of the storekeeper’s sons married in 1926. He 
was among those who caught the disease that same year. In 
1927 his wife and presumably also an aunt, who was staying 
with them, were struck with typhoid fever. Examinations car- 
ried out at this time showed that his mother, who was the 
first who caught the disease one year prewously, was a chronic 
typhoid carrier. Most probably she was the source of infection 
of the other cases which occurred in this family. 

The typhoid contagion was probably transferred from Is- 
land A to a small trading place on Island C. The storekeeper 
in this place was the brother of the 59 year old chronic ty- 
phoid carrier on the island. The distance between the two 
places is very short and the families often exchanged visits. 
Thus there have been adequate opportunities to contract the 
contagion from Island A. 

The storekeeper’s second son married in 1927 and con- 
tinued to live with his family at his parents’ home. In 1930 
his wife and thereafter a neighbouring woman caught the 
disease. The latter died. It is most likely that both had become 
infected from the storekeeper’s wife who had not observed 
the directions given her as a chronic typhoid carrier. 

In 1931 this carrier’s 4 year old grand-daughter contracted 
typhoid fever and the old carrier was again suspected to be 
the source of the contagion. The girl’s parents %vere again ex- 
amined inasmuch as hoth had had the disease in 1926 -27. 
The patient’s mother, the daughter-in-law of the old earner, 
was discovered to be a chronic typhoid carrier herself. After 
convalescence this new carrier visited her native village m 
another district. Her brother caught the disease during her 
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stay. In 1930 a 24 year old woman from the place of trade 
mentioned on the island was employed as a servant in the 
house of the young carrier’s brother. Ha^^ng been there for 
six weeks, she returned home ill n*ith typhoid fever and died 
of the disease. An extensive investigation failed to give any 
definitive clue about the source of infection. In view of the 
fact that the old carrier had sent some apples to the girl, 
this possibility of contagion was considered. Subsequent in- 
formation revealed, however, that the j’ounger carrier also 
this time had visited her brother and had shared the room 
wth the girl. 

It is probable that typhoid fever has occurred in a fifth 
household. Two daugters in this place protracted a febrile 
disease in 1928. Since the family had often been wsited h 3 ’ 
the two carriers, the younger of whom had not as j’ct been 
recognized as a carrier, it is most probable that these two 
daughters had been infected from these carriers. The familj’ 
has since then left the place. 

Besides this most populated trading place on Island C, 
5 other parts of the island are inhabited. The distances be- 
tween these places are long and communications poor. Two 
or three farms are found in these places. Typhoid fever has 
been unknown here until 1931 when a solitarj' case occurred 
on that side of the island which lies opposite to the trading 
place. We have already' mentioned that the patient had visited 
Island A. It was that case which led to the detection of the 
two carriers on this island. 

An old hermit had been living on Island F for several 
years in a tumbledown muddy shanty. On the advice of a local 
charity organization, a medical officer visited this hermit in 
1931 and found him completely emaciated and wretched. He 
was thereupon placed in a boarding-house on Island D, where 
he died a fortnight later, 80 years of age. About 50 persons 
attended his funeral, and were entertained at this house. 
Later happenings make it appear that the hermit died of 
typhoid fev'er. A solitary familj', consisting of a widow', her 
son, her daughter, and her grand-child, liv'ed on island G. As 
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mentioned ahove, this daughter had become infected wth 
typhoid in 1931 during a stay on Island E. She later on con- 
tinued to excrete typhoid bacilli \vith the faeces. The old 
hermit never visited anyone before he took ill except for a 
few trips to the Island G where he took his meals. It is 
probable that he caught the disease during one of these visits 
and carried the contagion with him to the Island D. On this 
island there lived a single family consisting of a married 
couple and their 5 children. Only a few days after the hermit’s 
death in 1931, one of the children was confined to bed, and 
during the following days one after another of this entire 
household came down with typhoid fever. 

It must be feared that a dispersion of typhoid infection 
might take place in the district during the time following the 
funeral on island D .which was attended by about 50 persons. 
Only one single case is on record which may be traced to 
this event. The island H is more densely populated than the 
aforementioned islands. On this island a farmer aged 40 was 
attacked with typhoid fever a few weeks after the funeral 
on Island D. He was the brother of the housekeeper on Is- 
land D and had visited the island once later than the day of 
the funeral. Most probably he was infected during one of 
these visits to Island D. The disease spread from this farmer 
to two other persons on Island H. He was nursed during 
the disease by his "wife who also caught the disease while 
their 2 sons remained well. On the other hand, the disease 
spread to the neighbouring farm where a 5 year old boy caught 
typhoid fever. In 1932 the farmer’s wife was declared free 
from contagion after 3 negative samples of faeces and urine. 
In 1934 she visited her daughter who lived on an island in 
another part of the district. Some time after her return her 
son-in-law' contracted typhoid fever. His mother-in-law was 
thereupon re-examined and was declared to be a chronic ty- 
phoid carrier. Her son-in-law is the last case of typhoid fever 
which has occurred on the islands scattered along the Stord 
coast-line. 

Besides the occurrence of typhoid fever in the afore- 



289 


mentioned places, a single case occurred in 1932 in quite a 
different locality on Stord, where the infection of a hoy was 
traced to his grand-mother, who proved to he a chronic car- 
rier. She had earlier lived in another locality. Her hushand 
had died 40 years before of »pneumonia«. At this time several 
cases of typhoid fever had occurred in this neighbourhood. 
She stated that her health had always been excellent and 
that so far as she knew she had never infected anybody else. 
She moved to live with her daughter in 1930 and at this place 
the aforementioned case of typhoid fever occurred in 1932. 


Summary. 

Bacteriological examinations carried out in the Stord 
district along the Western-Coast-line of Norway, have yielded 
a natural explanation to the occurrence of every one of the 
84 cases of typhoid fever which have been recorded between 
1918—1939. 

A number of small endemics of typhoid fever have been 
milk-borne and caused by individual chronic typhoid carriers. 
Other instances have been spread either from unknown 
chronic carriers or known typhoid fever patients. 

Bacteriological examinations revealed 10 chronic typhoid 
carriers in this district. The first carrier was detected in 1927 
on Island C and caused a number of typhoid fever cases be- 
cause of gross infraction in ordered precautionary measures. 
The remaining 9 carriers are not known to have caused any 
infection after their detection. Two old carriers are still Imng 
on Island A. 'flie two oldest of the remaining carriers, 
respectively 85 and 88 years of age, are placed under super- 
vision of another chronic carrier. Extirpation of the gall- 
bladder has been done on the four youngest carriers and three 
of these have already become abacillary in the faeces while 
the fourth continues to excrete typhoid bacilli. 



AUS DEM HYGIENISCH-BAKTEBIOLOGISCHEN INSTITUT BFTi 
VNIVEBSITAT UPPSALA, SCHWEDEN. ^ 


DER EINFLUSS VON BAKTERIEN AUF 
WASSERMANN-NEGATIVE SERA. II. 

Von Olof Sievers. 

(Eingegangen bei der Redaktion am 8. Oktober 1940). 

Die von. Snellman, sowie spater von Takano gemachten 
Beobachtungen hinsichtlich des Einflusses des Bazillus sub- 
tilis auf Wassermann-negative Sera wurden von mir ira er- 
sten Teil dieser Arbeit*) bestatigt. Dabei wurde die Bedeu- 
tung der langsam vor sicli gehenden Veranderung bei diesen 
infizierten Sera hervorgehoben. Eine ahnlich fortlaufende Ver- 
anderung zeigte auch die nach Takanos Angaben infizierte 
Bouillon. Durch die wiederholte Untersuchung der Proben an 
mehreren aufeinander folgenden Tagen wurde eine Erklii- 
rung fiir die von einander abweichenden Ergebnisse der be- 
sagten Forscher erhalten. Sowohl Snellman, vie auch Takano 
fiihrten die Reaktionen mit fixierter Komplementdosis aus 
1:10, und bei meinen ersten Versuchen bediente ich mich 
parallel der Technik dieser beiden Forscher. Die gleichc 
Cereuswirkung Iritt jedoch ebenso deutlich hervor, wenn die 
Reaktionen an Hand einer Methode ausgefuhrt werden, bei 
der die Komplementmenge variiert und jedes einzelne mal 
mittels Vorversuchen bestimmt wird (ad modum Harrison- 
Wijler und ad modum Sierakowski) . Die Fahigkeit des Ba- 
zillus cereus, erst eine scheinbare Wassermann-Posilivital 
mit nachfolgender Eigenhemmung hervorzurufen, ist stets, un- 


*) Acta path, et microbiol. scand. 16, 365 (1939). 
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abhiingig von den vcrwandlen Wassermann-Modifikationen, 
gleich in die Aiigen fallend gewesen. 

Ausser dicser Wicderholung friiherer Versucbe, jcdoch mil 
eincr andercn Wassermann-Technik, ^YU^dcn in diescm Zn- 
sammcnhang auch noch einige Details einer Priifung unlcr- 
worfen. So kann man sicli fragcn, wieweit die bier bespro- 
clienen Veriinderungen auch mil Hilfe von toten Baklerien 
hervorgerufen werden kdnncn. Um dieses zu untersucben 
^Yurden friiher vorgenommene Versucbe im cinzelnen ^Yiedel■- 
holt, jedoch mil tolen Baklerien an Stelle von Lebenden. Die 
Bakterien ■wurden von einer Agarkultur in 1 % :iger Formalin- 
kochsalzldsung aufgesclnvemmt. Zentrifugicren nach einliiti- 
ger Aufbewahrung in 37'’ C, d. h. nachdem die Sterilitals- 
kontrolle gezeigt hat, dass die Emulsion keinc lebenden Bak- 
terien enlhiilt. Der Bodensatz wurde wiederbolt mjt physio- 
logiscber Kochsalzlosung gewaschen. Die so erbaltene Bak- 
terienmassc Yvurde in gewohnlicher Niilirbouillon aufgc- 
schwemmt, so dass eine Dichlc entstand, die einer 24 Stunden 
Boxiillonkultur von Escli. coli entsprach. Zwei Bouillonkolben 
diese Art (B. ccreus bezw. Esch. coli) wurden bei 37 ° C auf- 
bewahrt. Nach 1, 3, 7 bezw. 16 Tagen wurden diesen Kolben 
Proben entnommen und wie iiblich einige Minuten zentrifu- 
giert, sowe nach der folgenden Methode unlersucht; 0,25 ccm 
dieser Bouillon (bezw. nicht infizierte Kontrollbouillon) wur- 
den bei 37° C eine Stundc mit 0,25 ccm cholesterinisierlem 
Rinderherzextrakt bezw. mit physiologischer Kochsalzlosung 
und folgenden Mcngen Komplemenl (Volumen 0,25 ccm) 
0,025, 0,02, 0,015, 0,01, 0,008 und 0,005 ccm digericrl. Eine 
halbe Stunde nach dem Zusalz von 0,25 ccm Ambozeptorver- 
diinnung (viermal die totalhamolysierende Dosis) und 0,25 
ccm 5 % :igc Hammelblutkorijerchenemulsion geschah die Ab- 
lesung. Die Ergebnissc zeigten, dass cine dor friihcren Beob- 
achtung entsprechende Verandcrung der Bouillon nicht vor- 
kam. Trotz einer 16-tagigcn Aufbewahrung zeigte die Bouillon 
keinen hemmenden Einfluss gegenuber der Hiimolysc. Diese 
Ergcbnisse besagcn nur, dass von den mit Formalin gelotelen 
Bakterien nichts exlraliiert wurde, was die betrcffcnden Vcr- 
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anderungen hervorgerufen hatte. Hiermit ist jedoch nicht ge- 
sagt, dass tote Bakterien an und fiir sich auf den Verlauf 
der Hamolyse keinen storenden Einfluss ausiiben konnten 
(siehe z_. B. Hirszfeld und Klinger sowie Nathan). Takanos 
Untersuchungen mit Zentrifugaten bezw. Filtraten zeigen in- 
dessen dass in der Fliissigkeit irgendetwas sein muss, das 
diese Vei;anderungen hei^mrrufen kann, und der Zweck dieser 
bier besprochenen Versuche war nur eine Priifung, inwiefern 
der wirksame Bestandteil eventuell aus toten Bakterien extra- 
hiert werden konnte. Dieser Versuch wurde mit durch Auto- 
klavieren getoteten Cereusbakterien wederholt, also oline Ver- 
wendung von Formalin. Das Ergebnis war das gleiche, die 
Bouillon bekam keine hemmende Fahigkeit. 

Jacobson hat durch Absorptions- und Elutionsversuche er- 
strebt, die durch Subtilis hervorgerufene Reaktion von der 
gewohnlichen Wassermannreaktion zu trennen. Sie machte 
ihre Versuche in Obereinstimmung mit d’ Alessandro und Sofia 
mit Kaolin und konnte keinen Unterschied z\vischen natiir- 
lichen Luessera und subtilisinfizierten Sera feststellen. Sachs 
ist der Ansicht, dass durch diese Versuche keine Identitiit 
der beiden Arten von Sera bewiesen wurde. Er hebt folgen- 
des hervor: »Es ware notwendig Bedingungen zu wahlen, un- 
ter denen die natiirlich wirksamen Stoffe des Luesserums 
eluirt werden, und dann festzustellen, ob die kiinstlichen Sub- 
tilisstoffe gleichfalls einer Elution zuganglich sind Oder nicbt«. 
Trotz der Berechtigung von Sachs’ Vorschlag hinsichtlich der 
Fortsetzung der Untersuchungen scheint es mir begriindet, 
auch noch naher zu priifen, inwieweit das virksame Prinzip 
direkten Einfluss auf die Blutkorperchen, das Komplement 
bezw. den Ambozeptor auszuiiben vermag. Dieses scheint um 
so mehr begrundet, als meine Versuche darauf hindeuten, dass 
die Wassermann-Positivitat als ein relativ schnell voruber- 
gehendes Stadium zu betrachten ist. 

Jeder bisher vorgenommene Versuch zeigt, dass die Blut- 
korperchenemulsion beim Fehlen der beiden ubrigen Fakto- 
ren nicht direkt beeinflusst wrd. Zwar zeigt sich oft erne 
Farbenveranderung, indem die rote Farbe in eine Violetlc 
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iibergeht, aber ein Zusammenhang zwischen diesem Phiino- 
men und der zunehmenden Hcmmungsnibigkcit scheint docli 
nicht zu beslelien. Je mehr Baklcrien bei dem Ycrsiich an- 
wesend gewesen sind, um so intensivcr ist gewohnlich die 
F arbenveriinderung hen'orgetrelen. 

Der Einfluss des wirksamen Prinzipcs auf das Komple- 
ment sei mit folgendem Versuchsprotokoll beleuclitet: 

Absteigende Menge des Meerschweinchenkomplementes 
(Volnmen 0,25 ccm) wurde % Slunde mit 0,25 com Ambo- 
zeplor (viermal die total hamolysierende Dosis) und 0,25 
ccm 5 %:iger Hammelblutkorperchen emulsion, sowe mit 

I. 0,25 ccm zcntrifugierter Bouillon, die zwei Tage zuvor 
mit B. cereus infiziert worden war und hernacli bei 37° C 
gestanden hatte, 

II. 0,25 ccm zcntrifugierter Bouillon, die zwei Tage zuvor 
mit Escb. coli infiziert wordcn war und danach bei 37° C 
gestanden liattc, 

III. 0,25 ccm stcriler Bouillon, 

VI. 0,25 ccm physiologischer Kochsalzlosung, 
digeriert. 

Der Versuch wurde in zwei Parallclserien gemacht, A 
bezw. B, wobei die Ambozeptor^'erdiinnung und die Blut- 
kdrperemulsion bei. der Serie B erst zugefiigt wurden, nach- 
dem die Bouillon und das Komplement zusammen 1 Slunde 
bei 37° C digeriert batten. Die festgestellte Hamolj'se wird in 
Tabelle I wedergegeben. (Die Hamolj'se wurde nach der von 
Madsen aufgestellten Skala angegeben). 

Der erste Abschnilt der Tabelle, A, zeigt, dass die mit 
B. cereus infizierte Bouillon die Hamolyse elwas hemmte, 
wahrend die iibrige Bouillon diese gar nicht beeinflussten. 
Liisst man die zentrifugierte B. cereus-Bouillon eine Stunde 
auf das Komplement wrken, so zeigt sich, ■wie aus dem 
Abschnitt B hers'orgeht, praktisch genommen gar keine Ha- 
molyse. Es hat mit anderen Worten den Anschein, als ob 
das Komplement zerstort worden ware, und als ob eine 
kiirzcre oder liingere Zeit notig gewesen ware, damit dieses 
vollstandig geschehen konnte. Jedenfalls hat man mit einer, 

20 
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Tabelle I. 


Fallende Mengen 
des Komplemen- 


Hamolyse von Hammelblutkorperchen mittels 
Meerschweinchen-Komplement und Ambozeptor 
nach dem Zuzats von; 


Volutnen 0,25 ccm 

Mil Cereus 
infizierler 
Bouillon 

Mit Coil 
infizierler 
Bouillon 

Sleriler 

Bouillon 

Physiologi- 
cher Koch 
salzlosung 



A 



1/ 0,025 


100 

100 

100 



100 

100 

100 



100 

100 

100 



100 

100 

100 


0 

100 

100 

100 


0 

100 

100 

100 


0 

90 

00 

so 


0 

20. 

20 

10 

9/ - 

0 

0 

0 

0 



B 




10 

100 

100 

100 


0 

100 

100 

100 


0 

100 

100 

100 


0 

100 

100 

100 


0 

80 

90 



0 

30 

40 



0 

0 

0 

0 


0 

0 

0 

0 


wenngleich nicht vollstandigen, momentanen Zerstorung zu 
rechnen. 

Dieser Versuch wurde mit Bouillonkulturen vorgenommen, 
aber das gleiche, wenngleich nicht ganz so pragnante Er- 
gebnis erhalt man, wenn man zu dem Komplement lebende 
Cereus-Bakterien mischt. Auch bierbei kann man eine mo- 
mentan zerstorende Wirkung verzeicbnen im Gegensatz zu 
Escb. coli. Lasst man die beiden besprocbenen Bakterienarten 
24 Stunden das Komplement beeinflussen, so wrd dieses zer- 
stort, so dass eine Hamolyse nicht eintritt. Das Frappierende 
der bier erorterten Versuche ist die Geschv.’indigkeit der Wir- 
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kung der Cereusbaklerien, beziehungsweise der Cereusbouillon 
im Vergleich zu dem Einfluss der Coli-Bakterien. 

Die Fabigkeit des Bazillus cereus, sclinellen Einfluss auf 
das Komplement auszuiiben, bringt einen auf den Gedanken, 
dass es sich bier cventuell um eine Zerslorung des dritten 
Komponenten des Komplemenles handelt, \vie es zum Bei- 
spiel die Hefezellen machen. Ein erster Versucli in dieser 
Richlung zeigle, dass ein durch Cereus zerstortes Komplement 
mit in Warmc inaktmertem Komplement rcaktiviert werden 
konnte. In diesem Zusammenhang sei nur ein Protokoll wie- 
dergegcben, und dieses beleuchtet die Fabigkeit der Cereus- 
bakterien, den dritten bezw. vierten Komponenten des Kom- 
plementes zu becinflussen: 

Frisches ^Mecrschwcinchenserum wird in vier Portionen aufge- 
teilt und dicse werden behandelt mit 

a) eincr 24 Stunden alien Kultur von Biickerhefe (nach Toda und 

Die Hefezellen wurden wiederholt mil physiologischer Koch- 
salzlosung gewaschen. Von dem Bodensatz wuvde eine 20 %:ige 
Emulsion in Kochsalzidsung gemaclit. 0,5 cem dieser Emulsion 
wurden mit 2 cem jMeerschweinchenserum gemischt. 20 min in 
37“ C mit darauffolgendem Zentrifugicren. 

b) einer 24 Stunden alien Ccreus-Kultur. Die Versuebsanordnung 
die gleiche wie bei den Hefezellen. 

c) Ammoniak (nach Gordon, Whitehead und Wormall). 1 cem 
frisches ^leerschweinchenserum wurde mit 0,25 cem n/6,5 Ammo- 
niaklosung versetzt. Nach stlindigem Stehen bei 37“ C wurde 
die Losung mit 0,25 cem n/G,5 Salzsaure neulralisiert und auf 21 cem 
Volumen mit physiologischer Kochsalzidsung verdunnt. 

d) Ammoniumsulfat (nach ToUxtnaga). 1 cem frisches Meer- 
schweinchenserum wurde 24 Stunden bei Zimmertcmperalur be- 
lassen zusammen mit 0,008 gr Ammoniumsulfat. 

Von diesen in obengenannter Weise inaktivierten Sera wurden 
0,25 cem vermengt mit 0,25 cem 

1) physiologischer Kochsalzidsung. 

2) in Wlirme inaktiviertem Meerscliweinchenserum (10', 5G“) 1:10 

verdunnt. 

3) mit Hefe behandeltem Serum, das danach in Warme inaktiviert 

wurde (10', 5G“). 

4) mit Cereus behandeltem Serum, das danach in Wiirme inaktiviert 

wurde (10', 5G“). 


" 0 * 
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5) mit Ammoniak behandeltem Serum, das danach in \Yarm6 in- 
aktiviert wurde (10', 56°). 

6) mit AmmoniumsuKat behandeltem Serum, das danach in Warme 
inakiviert wurde (10', 56'*). 

Nach dem Zusatz von sensibilisierten Hammelblutkorperclien 
wurden die Rdhrchen 2 Stunden in ein Wasserbad von ST® C ge- 
stellt. Die Ergebnisse (die kontrolliert wurden, nachdem die Rohr- 
chen weiterhin iiber Nacht im Eisscbrank gestanden batten) gelien 
aus der Tabelle II hervor (+ = vollstandige, — = keine Hamolyse). 


Tabelle 11. 


0,25 ccm Meer- 
schwernchense- 

Zusatz von 0,25 ccm IMeerschweinchen- 

j Ha- 
nio- 
lyse 

rum, behandelt 

serum behandelt mit 

mit 



physiologischer Kochsalzlosung 

— 


Inaktivierung 10' 56® 

+ 

Hefezellen 

> » * und Cereusbakterien 

> » 1 j Ammoniak 

+ 


j » » » Ammoniumsulfat 

+ 


physiologische Kochsalzlosung 

— 


Inaktivierung 10' 56® 

+ 

Cereusbakterien 

» > » und' Hefezellen 

— 


» > I » Ammoniak 

+ 


> » » » Ammoniumsulfat 

+ 


physiologische Kochsalzlosung 

— 


Inaktivierung 10' 56® 

+ 

Ammoniak 

j » » und Hefezellen 

+ 


, j > j> Cereusbakterien 

5 » » » Aininoniumsulfat 

+ 


physiologische Kochsalzlosung 

— 


Inaktivierung 10' 56® 

+ 

Ammoniumsulfat 

» J > und Hefezellen 

, J J » Cereusbakterien 

+ 


, s J » Ammoniak 



Diese Ergebnisse lassen darauf schliessen, dass die Cereus- 
bakterien den gleichen Einfluss auf das Komplemcnt axis- 
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iiben vac die Hefezcllen, d. h. den dritten Komponenten be- 
einflussen. Sowobl das in Wiirme inaktivierte, wie das mit 
Ammoniak bezw. mit Amnioninmsulfal bebandelte Komple- 
ment besass die Fiihigkcit, nichl nur das mit Hefc, sondern 
aucli in gleiclier Wcisc das mil Cereiis bebandelte Komple- 
mcnt 7Ai reaktivicrcn. 

Nach dieser Erdrlerung dcr Zcrslorung des Komplcmenles 
durcli Cereus stehl noch zu berichten, dass fortgeselzte Ver- 
suchc gczeigt habcn, dass die die Hamolysc hemmende Eigen- 
sebaft den Ambozeplor niebt beeinflnsst. Ans der Wieder- 
bolmig dcr bier angcfiibrten Versuebe, jedoeb in entgegen- 
gesetzter Ricblimg vorgenommen, so dass man also die Bak- 
tcricn anf Ambozcptorscrum wirken liess vmd niebt auf das 
Komplemenl, ging bervor, dass der Ambozeptor inaktiv blieb. 


Die jetzt vorgenommenen Versuebe baben gezeigt, dass 
der Bazillus cereus die Fiibigkeit besitzt, den dritten Kom- 
ponenten des Komplementes zu beeinflussen. Die besagte 
Wirkung tritt niebt nur beim Zusalz von Bakterien zu Kom- 
plemenlserum auf, sondern aucb, wenn man zu Serum fil- 
trierte bezw. zenlrifugierle Ccrcusbouillon fiigt. Speziell bei 
den Bouillonvcrsucbcn kann man cine iiusserst schnell cin- 
trelendc Veriinderung des Komplementes beobachten. Man 
fragt sich, im\'icfern diese Beobaebtungen cventuell von Be- 
deulung sind bei dem Versucb eincr Erklarung der von mir 
bier beriibrten Beobaebtungen von Snellinan und Takano. 

Mil Hinblick darauf, dass die beobacbtcle Wassermann- 
Positivitiil am ebesten als eine Phase in cinem forllaufenden 
Prozess zu betraebten ist, scbcinl cs mir bereebtigt, der Fii- 
bigkeit des wirksammen Prinzips das Komplcment schnell 
zu beeinflussen Beaebtung zu sebenken. Es kann allein An- 
sebein nacb niebt ganz unmotiviert sein, hierin einen mit- 
wirkenden Faktor des von Takano besebriebenen Phiinomenes 
zu seben. 
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Zusammenfassung, 

1) Die Fahigkeit der Cereusbakterien, ein urspriinglich 
Wassermann-negatives Serum anfangs in ein Wassermann- 
positives, spater in ein eigenhemmendes zu verwandeln, tritt 
unabhangig von der vervvandten WR-Modifikation bervor. 

2) Eine Beimiscliung von enhveder mit Formalin odcr 
durch Warme (Autoklavierung) getoteten Cereusbakterien zu 
Bouillon kann diese nicht in eine »WR-positive« oder eigen- 
hemmende venvandeln, ^vie es der Fall ist, wenn die Bouillon 
mit lebenden Bakterien beimpft wird. 

3) Das wirksamme Prinzip beeinflusst weder den Am- 
bozeptor, noch die Blutkorperchen, wabrend hingegen fri- 
scbes Meerschweinchenserum sehr empfindlicb gegeniiber dem 
Einfluss der Bakterien zu sein scbeint. Wiederholte Versuche 
deuten darauf bin, dass es der dritte Komponent des Kom- 
plementes ware der, hierbei beeinflusst wird. Die Ergebnisse 
sprechen fiir eine tibereinstimmung der Wirkungsart zwi- 
schen Cereusbakterien und Hefezellen. 
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AUS DEM LABOEATOniUM FVB PATHOLOGIE DES 
NORWEGISCHEN RADIUMHOSPITALS 
(CHEF: PROSEKTOR DR. MED. REIDAR EKER). 


MAKROSKOPISGHE UND MIKROSKOPISGHE 
UNTERSUGHUNGEN DER SGHLEIMHAUT 
DES KANINGHENMAGENS IN IHRER 
REAKTION AUF RoNTGENSTRAHLEN. 

Von Erling A. Mylhis. 

(Eingegangen bei dcr Redaktion am 8. Oktober 1940). 

Dcr Haiifiglvcit ziim Trotz, womil die Magcnregion in der 
Strahlenlhcrapic mil Rdntgen bestrahlt wird, liegen soweit 
uns bckannt keinc Miltcilungen vor dass kliniscli starkere 
Schadcn im Magen nach dcr Bcstrahlung entstanden sind. 
Flaskamp (1930) kcnnt in seiner Obersichl iiber Rontgen- 
schiiden kcincn klinischen Fall diescr Art. Die meisten klini- 
sclien Unlcrsuchungcn belreffcnd die Stralilenreaktion des 
Magens beschafligen sich mil den funktionellen Verbal tnis- 
sen, dock liegen aiich einzelne hislologische Untcrsuchungen 
von Miigen verschicdcncr Tiere nach Rontgenbestrahlung vor. 

Die ersten expcrimentellen Untcrsuchungen wurden von 
Rcgaiid, Nogicr und Lacassagnc ausgefiihrt (1912). Sie fan- 
den in 4 Hundemiigcn nach Rontgenbestrahlung akute und 
chronischc Schaden in dcr Schleimhaut je nach Dosis und 
Beohachtungszeit. Sie wdesen darauf hin dass die Hauptzellen 
dcr Fundusdriisen starker bccinflussl waren als die tibrigen 
Elemente dcr Schleimhaut. Ghilardiicci (1914 und 1916) sail 
Geschwiirbildung und Nekrose nach Bcstrahlung von Kanin- 
chenmagen. Tsiikamoto (1924) fand, auch bei Kaninchen, 
Ulcerationen in dcr Schleimhaut des Magens nach Leberbe- 
strahlungen, wenn das Bestrahlungsfeld auch Teile des Ma- 
gens umfasste. Speziel ivies er auf eine hetrachtliche Ent- 
ziindungsreaktion um diese Ulcerationen hin. Dawson (1925) 
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und Wolfer (1926) bestrahlten beide Hundemagen imd fan- 
den Geschwiire; der erste konnte auch voile Heilung fest- 
stellen, der andere dagegen hob den chronischen Verlauf die- 
ser Rontgengeschwiire hervor und konnte nur sparliche 
Bindegewebsneubildung nachweisen. Engelstad (1935 und 
1938) fand in einem grosseren Kaninchenmaterial Ulceratio- 
nen nach der Bestrahlung, in vielen Fallen auch mit gutcr, 
sogar vollstandiger Heilung und mit Narbenbildung. Er hob 
ausserdem hervor, dass die Geschwiire am liebsten langs der 
curvatura minor-Seite und in der sogenannten Magenstrasse 
erschienen. Im Anschluss hieran haben Versuche von Jam 
(1925) spezielles Interesse. Er untersuchte die Heilungsver- 
haltnisse in den verschiedenen Magenteilen des Kaninchens 
nach kiinstlich herbeigefiihrten Geschwiiren und bemerkte, 
dass die Heilung am schlechtesten in der Magenstrasse und 
um dieselbe herum war, und bedeutend schlechter wenn auch 
n. vagus durchgeschnitten Avar. 

Alle diese Untersuchungen deuten darauf hin dass die 
Magenschleimhaut moderat radiosensibel ist. Zahlreiche so- 
wohl klinische als experimentelle Untersuchungen von Beck 
(1920), Muhlmann und Meyer (1923), Sanders (1924), Nanasij 
(1935), Buhtz (1939), Gdl (1939) und anderen zeigen, dass 
die Schleimhaut des Darmes betrachtlich mehr radiosensibel 
ist. Witz (1933) fand Darmreaktion schon nach einer Ront- 
gendosis von 135 — 140 % einer HED (1 HED = 600 r). In 
seinen experimentellen A^ersuche sah Engelstad Ulcerationen 
im Magen des Kaninchens nach 1500 r. Desjardins (1931) 
sagt in einer Monographic fiber das Verhalten des Magen- 
Darm nach Rontgenbestrahlung, dass die histologische Ront- 
genreaktion im Magen in einer Degeneration des Drfisen- 
epithels mit Hyperamie, Leukozyteninfiltration und mehr 
Oder weniger starker Bindegewebsreaktion besteht. 

Die durch Rontgenbestrahlung herbeigefiihrten experimen- 
tellen Magengeschwfire sind pathogenetisch nur wenig er- 
forscht. Engelstad meint auf Grundlage seiner Untersuchun- 
gen, dass die Pathogenese ausser der unmittelbare Wirkung 
der Rontgenstrahlen auf der Schleimhaut eine ahnliche wie 
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fiir das peptische Geschwiir bcim Mcnsclien behauptet ist, 
(chomische, meclianischc u. a. Irritamenten). Andere Auf- 
fassungen sind nicht gefunden. 

Zusammengefasst kann man kiirz sagen, dass klinische 
Fiillc starkercr Stralilenscbaden im Magcn nicht rcferiert ge- 
funden sind, den Darm betreffcnd sind dagegen Ulcerationen 
mit Nekrosc nach Ronlgcnbestrahlung beobachtet. — Experi- 
mentelle Untersuchungen iiber die Reaktion des Magens auf 
Rdntgcnbestrahlung zeigcn dass die Schleimhaut moderat 
radiosensibel ist, dass abcr bei geniigend grossen Dosen Ulce- 
rationen mit Hyperiimie, Degeneration des Driisenepitbels, 
spezicl von den Hauptzcllen, odem und Leukozjdeninfiltration 
auftreten. Die exiicrimentcllcn Geschwiire sind dem pepti- 
schen Geschwiir beim Menscbcn sehr abnlich. In einigen Fal- 
len ist Heilung und Narbenbildung beobachtet worden, aber 
durchweg ist die Regencrationsfiihigkcit nur gering. 

Die vorliegendc Arbeit ist unlernommcn, um die histiopa- 
Uiologische Entwiklung dor Magcnulcera zu untersuchen, bei 
Kaninchcn die mit Rdntgendosen, die nach Engelstad gross 
genug sind um Geschwiire hervorrufen zu konnen, bestrahlt 
sind. Spezicl haben wir unscrc Aufinerksainkeit auf das Ver- 
haltcn zwschen Dosis, Grdssc und Lagc des Bestrahlungs- 
feldcs und die Grosso und Lagc des Magcngesclnviirs gerichtet. 


Material, Tcchnik and Methodik. 

Fiir die Versuche sind Kaninchen von eincra iNionate bis zu ca. 
einem Jahr benutzt worden, moistens waron die Ticre 7 — 8 Monate 
alt bei der Bestrahlung und halten cin Gewicht von etwa 2 kg. 
Die Bestrahlungen sind mit Siemens Rontgentherapieapparate aus- 
geftibrt, die Dosen mit Hilfe eincs Mckapion Dosimeters bestimmt 
woi’den. Die Strahlenintensivitilt wahrend der Bestrahlungen war 
125r pr. Min. bei 175 KV, 4^IA, 3 mm Al-Filter und 18 cm Focus — 
Hautabstand. Die Bestrahlungsfelder sind von 2X3 bis 4X6 cm, 
die Strahlenrichtung sowie dorso-ventral wic von Seite zu Seite. Das 
Feld wurde mit 3 mm Blei abgegrenzt. — Der Magen wurde sofort 
nach Eintritt des Todes herausgenommen, geoffnet, abgespiilt und 
fixiert entwoder in 10 % Formol Oder Cai-noy’s Losung. Die Schnitte 
sind erstens von Ulcus mit ca. 1 cm von diescr Umgebung heraus- 
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genommen, zweitens von der Magenstrasse wenn der Magen kein 
Ulcus Oder andere makroskopische Veranderungen zeigte; Engclslad 
stellte namlich fest, dass die fruhesten Veranderungen’ speziel in 
dieser Gegend auftreten solllen. Ausserdem sind Schnitte von Fun- 
dus und Pylorus herausgenommen. Die Praparate sind nach Mas- 
son’s Trichrommethode, mit Mucikai-min und in speziellen Fallen 
aucli auf Blut nach Sjostrands Methode gefarbt. 


Normalanatomische Bemerkungen. 

7 Magen normaler Kontrolltiere sind untersucht worden. 
Keiner zeigte pathologische Veranderungen, sondern ganz nor- 
males Verhalten, in Ubereinstimmung mit dem von Jaffe 
(1931) beschriebenen. Doch haben \\Tir unter den Belegzellen 
im Fundusgebiet, speziel in der oberen Schicht derselben 
einen karakteristischen Typ Zellen gefunden, der nicht vor- 
her beschrieben worden ist. Diese Zellen sind Belegzellen sehr 
ahnlich, weicben doch von diesen ab indem sie einen sehr 
dunklen, kleinen und flachen Kern besitzen, und ein Zyto- 
plasma, das starker und besser als die iibrigen Zellen mit 
Eosin gefarbt \vird. Das Aussehen wird auf Bild 4, die ubrige 
Schleimhaut auf Bild 1 — 3 illustriert. Die von Dawson be- 
schriebenen »Neckzellen« (Nebenzellen) geben positive Mu- 
cikarminreaktion. Im Kaninchenmagen sind die Brunnersche 
Drusen in Duodenum und die Pylorusdriisen nicht identisch 
Oder jedenfalls gleich im Aussehen, \sde fiir den menschlichen 
Magen u. a. von Meulengracht (1939) angegeben worden ist. 
Die Brunnerschen Drusen reagieren positiv auf Mucikarmin, 
im Gegensatz zu den Pylorusdriisen, die sich negativ ver- 
halten. 

Der Rauminhalt des Kaninchenmagens ist bei 11 Kanin- 
chen untersucht, und lag zwischen 110 und 220 com. Die 
normale Lage des vollen Magens ist durch Rontgenuntersu- 
chung festgelegt worden. 10 Tiere wurden fotographiert. Sie 
fasteten 24 Stunden, darauf wurde ihnen 40 ccm Kontrastbrei 
mittels einer Sonde eingefiihrt. Der Kaninchenmagen entleert 
sich erst vollig nach ^5 Tagen, und ist immer voll wenn 
geniigend zu essen vorhanden ist. 40 ccm ist darum die Menge 



PLANCHE I. 



Magensti'asse 
(Normalprcp.) (60 X) 



Pylorus 

(Normalprcp.) (60 X) 


", 



Bild 3. 

Fundus 

(Normalprcp.) (60 X) 



Bild 4. 

Dor spcziellc Typ dcr Bclcg- 
zellon (sichc s. 302) in unbe- 
straliltem Magon. (240 X) 


Blid 5. 

Dasselbe wie in Bild 4 in be- 
strahltcm Magcn. (240 X) 
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die vermuthch pro Tag entleert wird. Die Kontrolle dieser 
Behauptung bei Rontgenaufnahme nach 5 Tagen mit.160 ccm 
Kontrast war giinstig. In Rube stimmt die Lage von 9 Miigen 
gut iiberein. 


Rontgenbestrahltes Material. 

Insgesamt sind 71 Tiere rontgenbestrahit, hiervon beka- 
men 2 Tiere 2000 r, 47 Tiere 3000 r, 2 — 4000 r, 16 — 5000 r 
und 4 — : 6000 r. Alle Dosen sind starker als die kleinste 
Dosis, die nach Engelstad’s Versuchen genugt, um Geschwiire 
hervorzurufen. Die Beobachtungszeit war von 24 Stunden bis 
162 Tagen. 2 und 2 Tiere sind ungefahr jeden 3. Tag in dieser 
Versuchsperiode getotet und untersucbt worden. 

Bei den Untersuchungen der bestrahlten Magen sind die 
ersten, groberen, makroskopischen Veranderungen ungefahr 
13 Tage nach der Bestrahlung als Erosion en in der Schleim- 
haut zu sehen. Insgesamt sind 5 Magen mit Erosionen ge- 
funden, alle im Zeitraum zwschen 13 und 19 Tagen nach 
der Bestrahlung. Tiefergreifende Defekte, Ulcerationen, wo 
nicht nur Mucosa, sondern auch Submucosa und Muskularis 
degeneriert zu finden ist, wurden nicht vor dem 20ten Tag 
nach der Bestrahlung beobachtet. Engelstad hat doch Ge- 
schwiire friiher gef unden, sogar bereits 7 Tage nach der Be- 
strahlung. — Das GeschAviir zeigt sich makroskopisch als 
ein runder, gut begrenzter, mehr oder weniger tiefer Defekt 
in der Schleimhaut. Der Ulcusrand ist mehr oder minder 
wallformig verdickt und ist meistens fest infiltriert zu tasten. 
Die Geschwiire wechseln bedeutend in Grosse, erinnern in 
Grossen und Ganzen im Aussehen sehr an das peptische Ge- 
schwiir beim Menschen, ein Vergleich, den u. a. Engelstad 
benutzt. Die Grosse. des Geschw'iirs kann von ein paar Milh- 
metern bis auf 3 cm im Querschnitt wechseln. Nur nach den 
grossen Dosen sind perforierende Ulcerationen beobachtet 
worden, insgesamt bei 4 Tieren, in alien Fallen mit Spontan 
tod zufolge. 

Von den rontgenbestrahlten Tieren, insgesamt 71, zeigten 



PLANCHE II. 



DiUl 6. 

Rand cincs frischcn Funclus- 
ulcus 22 Tagc nach Rcstralilung, 
mit Degeneration u, Lciikozyfcn- 
infiltrafion. (60 X) 


Bild S. 

Bclileimhaut aus den Pylorusteil 
bei Fundusulcus. Driisen voll- 
stiindig vcrsclnvundcn; die Lu- 
mina wahrscheinlich Tiefen- 
wuchcning des nocli crhaltonen 
Dcckcpifhcls. (60 X) 



Rand cines altcn Fundusulcus 
97 Tage nach Bcstrahlung; 
Haupt- und Belogzellen vollstan- 
dig vcrsclnvundcn; die sichtbarc 
Uinwandlung vielloichl regene- 
rativer Art. (60 X) 



Bild 9. 

Schleimhaut aus dem Fundus 
einos Magens oline Ulcus; voll- 
standige Degeneration der Drti- 
sen; Dcckepitlicl gut erhalten. 
(60 X) 
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52 makroskopische Defekte in der Schleimhaut, davon waren 
47 Geschwiire und 5 Erosionen. Von alien Tieren, die langer 
als 20 Tage beobachtet worden sind, \viesen 11 keine makro- 
skopischen Veranderungen auf. 

Um das Verhalten zwischen der Lage der Ulcerationen und 
der Lokalisalion des Bestrahlungsfeldes festzustellen, wurde 
eine Untersuchung auf Grundlage von Rontgenaufnahmen der 
Miigen gemacht. In dieser Zusammenstellung sind die Erosio- 
nen und Ulcerationen in einer Gruppe zusammengefasst, denn 
es ist wabrscheinlich anzunehmen, dass die Geschwiire sich 
auf Grundlage eihes Erosionsvorstadiums entwickeln. Diese 
Zusammenstellung zeigt: In 4 Magen in denen nur die Py- 
lorusregion bestrahlt ist, wurden 3 Falle von Pylorusge- 
schwiire gefunden. Bei 37 Tieren, wo die Bestrahlung gegen 
den Fundus — Corpusteil gerichtet ist, sind 86 Falle von 
Geschwiiren in Fundus oder Corpus gesehen. Von 11 Tieren, 
wo die Bestrahlung grossere Teile des Magens umfasste, so- 
wohl Fundus als Pylorus, sind 4 pylorische Geschwiire und 
7 Geschwiire in Fundus zu sehen. Die Pylorusgeschwure sind 
meistens in Pylorus selbst zu beobachten, nicht selten greifen 
sie doch auf den oberen Teil des Duodenums fiber. Die Fun- 
dusgeschwiire zeigen eine Tendenz Cardia als Pradilektions- 
stelle vorzuziehen, die Corpusgeschwiire sitzen gern langs der 
kleinen Curs'atur und in der sogenannten Magenstrasse. Nur 
in zwei Fallen weichen so die Lokalisation der Geschwiire 
von der Regel, dass sie innerhalb des bestrahlten Mageti- 
gegend erscheinen. In dem einen Fall handelt es sich um 
Geschwiir in Fundusteil nach begrenzter Bestrahlung von der 
Pylorusregion, in den anderen um Ulcus in Pylorus nach 
Fundushestrahlung, in alien iibiigen Fallen stimmen Ge- 
sch\yurlokalisation und Feldlokalisation mit einander uber- 
ein. Konnte man dieser Resultate ganz sicher sein, ware es 
verlockend, das Hauptgewdcht auf die von der Regel abwei- 
chenden Fiille zu legen, man muss jedoch in dieser Zusam- 
menhang darauf aufmerksam sein, weichen Storungen erne 
exakte Untersuchung ausgesetzt ist, wie z. B. dem Fullungs- 
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grad des Magens walirend der Bestralilung, der Unruhe des 
Tieres mit Verschiebung des Bestrahlungsfeldes u. s. w. 

Auf Grundlage der Gegcniiberstellung die wr obea ge- 
niacht haben, liegt es nahe den Schluss zu ziehcn, dass die 
liervorgerufenen Geschwiire imd Erosionen in den Magen die 
Folge einer primaren Strahlenschade der Schleimhaut sind. 
Dies zeigt Gbereinslimmung mil der Auffassune von Engel- 
stad, dass die Gesclnviire in erster Linie ein primtirer Strah- 
lenschaden isl, doch behauptet er, dass der Defekt selbst ent- 
sleht nnd unterlialten wird durch cbemische und mechanische 
Irritamente. In Envjigung der im Magen herschenden kom- 
plizierten Verbal tnisse nnd der vielen Moglicbkeiten fiir Ein- 
wrknng auf die Scbleimbaut auf anderen Wcgen ist es wabr- 
scbeinlicb anzunebmen, dass aucb andere Fakloren als die 
direkte Strablenwirkung Einfluss auf die Ulcusbildung dar- 
stellen. Um nur einigc Unlersucbungen zu nennen, die dies 
zeigcn, so finden Ivij, McCarthy und Orndoff (1924), Portis 
und Ahrens (1924) Saurcherabsetzung im Mageninbalt bei 
Hunden nacb Bestralilung eincs Baucbfeldes, das unterbalb 
des Miigcns gelegcn ist. Ncmenoiv und Jugenhurg (1936) neb- 
men an, dass die Strablem\'irkung auf den Magen ausscbliess- 
licb nervoser Art ist, indem sic in ibrer Rontgentherapie von 
Magengeschwiire bcim Menschen niebt nur lokal bestrablen, 
sondern aucb cinen Teil des Tboracalcolumnas. Dass der Ma- 
gen aucb durcb Bestralilung ausserbalb dieses beeinflusst 
werden kann, sebeint damil bestatigt zu sein, ob aber die 
Eimidrkung so stark ist oder gcmacht werden kann, dass Be- 
strahlung von Hautfeld ausserbalb des Ventrikkelfeldes, oder 
nacb Bestralilung anderer Organe Ulccrationen oder Erosio- 
nen bervorriifen, oder dazu mitiiurken kann, ist noch eine 
offene Frage, auf die man, obwobl sie selir wobl einer Un- 
tersiichung wert sein kdnnle, kein Antwort in dieser Arbeit 
erbalt. — 

In unseren Versuchen baben ivir Ulcerationen von ver- 
sebiedener Grosse, von ein paar Millimeter bis auf 3 cm im 
Qiierscbnitt gefunden. Wir haben einen Vcrgleicb ziviscben 
Ulciisgrosse und Feldgrosse gemaebt, finden aber keine Ober- 
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einstimmung hierein; ein Meines Feld kann ebensogut ein 
grosses Geschwur liervorrufen, wie ein grosses Feld einen 
kleinen Ulcus. Die Zeit scheint auch keine Rolle zu spielen, 
naturlich abgesehen von der Zeit, in welcher das Gescbwur 
gebildet wird, diese Zeit ist dock wahrscheinlicli ziemlich 
kurz, nur 1—2 Tage. Es ist nicht mit Sicherheit eine stufen- 
weise Abstossung des degenerierten Gewebes, vde es Dahl 
(1937) fiir das Rdntgengeschwiir der Haut angibt, zu be- 
inerken. Eine Progression des Geschwiires mit der Zeit ist 
nicht gefunden. Die benutzte Rontgendosis spielt auch keine 
wesentliche Rolle, doch sind die Geschwure nach den gros- 
seren Dosen durchweg etwas grosser als nach den kleineren. 
Engelstad hebt auch diese Unabhangigkeit der Geschwurgrosse 
von der Grosse des Bestrahlungsfeldes hers^or, nach den Feld- 
grdssen, die von 3X4 bis 6x8 cm wechseln, findet er den- 
noch Geschwure von ungefahr derselben Grosse, namlich ca. 
1 cm im Querschnitt. 

Bei den makroskopischen Untersuchungen der Magen nach 
Bestrahlung sind in vielen Fallen schon nach 30 Tagen, und 
in alien Fallen nach 60 Tagen Adhasionen von Dickdarm, 
Diinndarm oder Oment zu Serosa dem Geschwure entspre- 
chend zu sehen, selbst wenn der Prozess nicht die Muscuiaris 
durchbricht und die Serosa direkt affiziert, ein Verhalten, das 
auch beim Magengeschwiir des Menschen wohlbekannt ist. 
Die Ver^vachsungen sind weniger ausgesprochen nach den 
grossen Dosen, was sich leicht erklart durch schlechtes Re- 
generationsverhalten. — 

Die histologische Untersuchung worauf das Hauptgeudcht 
gelegt ist, geht in Kiirze darauf aus, den Prozessen zu folgen, 
denen die Schleimhaut nach Rontgenbestrahlung ausgesetzt 
ist. 

Die ersten Veriinderungen sind schon nach 24 Stunden 
sichtbar. Wir finden da die Kapillargefasse in der bestrahlten 
Gegend des Magens enveitert und mit Blut gefiillt, em Ver- 
halten das schon von Engelstad bemerkt worden ist. Nach 
und nach verbreitet sich diese Hyperamie oder Erythem zu 
imrner grossere Teilen des Magens, sodass wir nach 13 Tagen 



309 


Hypenimie praktisch innerhalb des ganzen Magens sehen kon- 
nen. Das Erythem ist immer selbst nach den langsten Beob- 
acbtungszeiten zu sehen, doch am starksten um die Geschwure 
berum. Erinnern wr an das Verhalten in der Haul, so ist 
die Rontgenreaktion gewobnlich in ein Friiherythem und ein 
Spalerythem geteilt worden, die doch beide auf das bestrahlte 
Gebiet begrenzt sind. Beide Reaktionen sind von mehreren 
Unlersucbern, als cine Frehverdung der sogenannten H-Sub- 
slanz, eines hislaminabnlichen Stoffcs, zu erklaren versucbt. 
Engclstad niminl an, dass die Friihreaktion in der Schleim- 
bant, also nacb 24 Stimdcn, derselben Natur ist, und dieselben 
Ursachen hat, wie das Fruherytbcm in der Haut. Ob das 
Fruberytbem in der Scbleimhaut des Magens abklingt, ehe 
die Spatbyperiimie einsctzt, wissen unr nicbt. Die Spat- 
hyperiimie im Magen steht dadurcb im Gegensatz zum Spat- 
erythem in der Haut, wcil die Ersten meistens zu ganzen oder 
grossen Teilen des Magens verbreitet zu sehen ist, selbst wenn 
das Bestrablungsfeld sebr klcvn gexs’csen ist (2x3 cm). Da- 
vid (1926) fand nacb Bestrablung der Sclnvimmhaut des Fro- 
sebes cine slarke Einuirkung auf die kontralctielen Elementc 
der Gefiisswande, die Rougetschen Zcllcn, eine Manifestation, 
die nur funktionel nacbweisbar war, histologisch konnte er 
keine sicberc Veriinderungen in den Gefassen feststellen. Es 
liegt darum nabe, diese Spatbyperiimie als eine kombinierte 
Wirkung auf die kontraktielen Elemente der Kapillarwand 
und Frehverdung von H-Substanz wegen der verbreiteten 
Hyperiimie, speziel weil wir histologische Veriinderungen in 
den Gefassen nur im spiiteren Stadien, erst nach ca. 40 Tagen 
nach der Bestrablung beobachten konnen. — Die Hyperamie 
ist der Ausdruck einer Zirkulationsstorung, und es liegt nabe 
anzunehmen, dass diese eine Rolle fiir die Ulcusbildung spiele. 
Engelsiad hat in cinem Fall nacb Tuschinjektion um ein 
Ulcus schon nach 10 Tagen eine Infarktahnliche Zone beob- 
achten konnen, und wirft damit die Frage auf, ob nicbt Ge- 
fiissveriinderungen und damit Zirkulationsstorungen eine mit- 
uarkende Ursaclie fiir die Ulcusbildung darstellen. 

Odem tritt ude auch das Erythem sebr friih nach der 
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Bestrahlung auf, leichtes odem ist schon nach 24 Stunden 
m dem bestrahlten Gebiet des Magens zu sehen, und breitet 
sich nach ca. 5 Tagen iiber die ganze Schleimhaut. Spater ist 
es ein konstanter Fund, doch am starksten in den friiheren 
Stadien des Ulcus, und am deutlichsten in den Fallen wo 
auch Perforation eintritt. — Im Anschluss an das odem, abet 
ein wenig spater erst nach 7 — 8 Tagen nach der Bestrahlung, 
ist eine leichtere Leukozyteninfiltration in der Schleimhaut 
zu sehen. Nach und nach zeigt sich das Bild einer gewohn- 
lichen Gastritis, gew'ohnlich begrenzt zum bestrahlten Telle 
des Magens, aber auch diffus. Beim Erscheinen der ersten 
Erosionen, nach etwa 13 Tagen, ist die Entziindung um diese 
stark. Die Leukozyteninfiltration besteht zunachst hauptsach- 
lich aus Lymfozyten, spater aus grosseren Mengen Granulo- 
zyten und Plasmazellen. Die Gastritis nimmt mit der Ulcus- 
bildung wesentlich zu, und ist am starksten etwa 40 Tage 
nach der Bestrahlung, hat jedoch innerhalb unserer Versuchs- 
zeit keine auffallende Tendenz wieder abzunehmen. Der 
Wundrand ist hauptsachlich von Lymfozyten und Plasma- 
zellen infiltriert, unterhalb des Geschwures und im Geschwur- 
boden sind mehr eosinophile und pseudoeosinophile Granulo- 
zyten zu sehen, meistens nur dne kleine Anzahl von Fibro- 
blasten. Die Befunde stimmen in dieser Weise mit dem Ver- 
halten bei Gastritis und Ulcus im menschlichen Magen gut 
tiberein. 

Bei Untersuchung der verschiedenen epithelialen Elemente 
der Schleimhaut nach der Bestrahlung sind schon nach 5 
Tagen leichte degenerative Veranderungen im Deckepithel im 
bestrahlten Gebiet des Magens zu sehen. Die Anderungen aus- 
sern sich durch Vakuolen in das Zytoplasma und Pyknose 
der Kerne. Nach der Bildung des Ulcus ist das Deckepithel in 
der Umgebung oft ganz destruiert oder zeigt starken Verfall. 
Es ist in dieser Weise kein Unterschied zwischen Pylorusge- 
schwiiren und Fundusgeschwiiren. Auch in den iibrigen Tei- 
len des Magens weist das Deckepithel Degeneration auf, ein 
Umstand, den man natiirlich mit der verbreiteten Gastritis 
in Zusammenhang setzt. Um alte Ulcerationen herum geht 
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das Deckepithel meistens ganz bis zum Rande, es ist daher 
mit der Moglicbkeit einer Regeneration zu rechnen. — 

Wie es bei dem Deckepithel der Fall ist, zeigen sich schon 
nacli 5 Tagen erkennbare Vcriinderungen degenerativer Art 
in den Pylorusdriisen und Hauptzellen der Fundusdriisen. 
Fiir die Belegzellen der Fundusdriisen sind die ersten Ver- 
iinderungen schwerer festzulegen, doch kommen sie spater 
zum Ausdruck, und sind weniger ausgesprochen als bei den 
Hauptzellen, ein Umstand der scbon von Regaiid, Nogier und 
Lacassagne beobachtet und spater von u. a. Engelstad be- 
stiitigt Avorden ist. 

Um die Ulceration herum ist zum Teil vollstandige Dege- 
neration des Driisenepithels zu sehen, sowohl bei Fundus- 
als bei Pylorusgescinviiren, docb scheinen die Pylorusdriisen 
■\veniger radioempfindlich zu sein als die Hauptzellen der 
Fundusdriisen. 

Die friiher beschriebene Art der Belegzellen zeigt, we aus 
Bild 5 hers’orgeht, eine auffallendc Vermehrung nach der Be- 
strahlung, wiihrend die Nebenzellen gewohnlich ganz ver- 
schwunden oder nur sparlich zu sehen sind. Dawson nimmt 
an, dass eben diese Zellart, weil sie um die Driisenmiindungen 
gelegen ist, die Regenerationsstellc der verschiedenen Ele- 
mente der Schleimhaut bildet. 

Ein etwas eigenartiges Phiinomen, das oft, besonders in 
den spiiteren Stadien der Gcsclnviire zur Erscheinung kommt 
ist eine Um-wandlung der Driisen in den nachsten Umgebun- 
gen des Geschwiires. Wir finden bier cystisch erweiterte 
Hohlraume mit einem kubischen Epithel bekleidet. Die Kerne 
in diesen umgewandelten Driisenzellen sind gross, rund und 
erinnern nicbt wenig an die Kerne der Belegzellen. Das Cyto- 
plasma gibt schwache Mucikarminreaktion, was iibrigens 
keine anderen Elemente in der normalen Schleimhaut als die 
Nebenzellen tun. Eine ahnliche Umwandlung der Driisen ist 
auch bei Geschwiire in Pjdorusregion in der Pylorusschleim- 
haut zu sehen. Das Deckepithel zeigt oft eine Tendenz zu Tie- 
fenwuchs um iiltere Geschwiire herum und mit Driisenahnli- 
chen Abschniirungen in der Tiefe. Hauser 1926) wies eine 

21 * 



312 


eigenartige Metaplasia und Tiefenwuchs der des Driisenepi- 
thels in der Schleimhaut urn das gewohnliche Ulcus Pepticuin 
beim Menschen bin, ein Umstand den er nicht niiher zu er- 
klaren versucht. Es isl moglich dass bier eine Ubereinstim- 
mung besteht, und dass eigentlich nicht die Bestrahlung diese 
Veranderungen hervorruft, sondern die Ulcusprozess selbst 
und die Reaktion der Schleimhaut mit Gastritis und Regene- 
ration. Man muss daher annehmen, dass diese Metaplasia 
von sowohl Driisenepithel als Deckepithel in Wirklichkeit 
der Ausdruck fiir eine Regenerationstendenz der Schleimhaut 
ist. Wie friiher erwahnt ist dies auch speziel in den spateren 
Stadien des Ulcus zu beobachten. 

Die Regenerationsfahigkeit der Schleimhaut nach den hier 
angewandten Dosen ist sehr gering, nur sparliche Bindege- 
websneubildung und Fibroblastreaktion ist zu sehen. Dies 
stimmt mit Beobachtungen von Dawson und Wolfev gut iiber- 
ein, die auf Grundlage ihrer Untersuchungen henmrheben, 
dass das Rontgenmagengeschwiir als ein chronisches Ge- 
schwiir zu betrachten sei, und meinten dass es fiir Studien 
liber das chronische, peptische Geschwiir beim Menschen ge- 
eignet ware. In unserem Versuche ist kein Fall von Narben- 
bildung Oder voller Heilung beobachtet worden; man muss 
jedoch auf die begrenzte Versuchszeit, 150 Tagen, erinnern; 
es ist wohl moglich dass Heilung noch spiiter eintreffen kann, 
was Engelstad gefunden hat. 

Interessant sind die Befunde bei 11 Tieren die nach 2000, 
3000 und 5000 r keine Geschwiire zeigten. 2 davon waren nur 
1 Monat alt bei der Bestrahlung. Von 4 Tieren, die 1 Monat 
alt bestrahlt worden waren bekamen nur das Eine Ulcus, die- 
ses Tier war dabei das einzigste von Allen, das deutliche Zei- 
chen von Regeneration aufvnes, der kurzen Beobachtungszeit, 
42 Tagen, zum Trotz. Bei den andereh 3 dieser Gruppe wurden 
keine Geschwiire festgestellt, auch hatten sie nur sparliche 
Degeneration in der Schleimhaut. Dies ist wahrscheinlich ein 
Ausdruck dafiir, dass die Regenerationsfahigkeit bei jungen 
Tieren bedeutend starker ist, als es fiir ei^vachsene und al- 
tere gibt. Die iibrigen 9 Tiere die keine Ulcerationen oder Ero- 
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sionen aufwesen, zeigen doch dcutUche degenerative Veran- 
derungen im bestrahlten Gebiet der Schleimhaut. Dieses 
fehlende Auftreten von Geschwiire spricht fiir eine individu- 
elle Variation dor Strahlenempfindlichkeit, die haufigen Ob- 
servationen in der Klinik dementsprechend. Eine Kontrolle 
des richtig gelegenen Bestralilungsfeldes haben wir in den 
epiiierten Hautfeldern. — Ein Umstand von wesentlicher Be- 
deutnng ist der starke Einfluss auf das Allgemeinbefinden 
der Tiere nach Magenbestrahlnngen, und der es verschieden 
zu sein scheint, je nachdem die Bestrahlung gegen Pylorus 
gerichtet ist oder als sie die anderen Magenteile betrifft. Als 
Mass fiir das Allgemeinbefinden der Tiere ist das, immer wie- 
der kontrollierte Gewicbt benutzt -vvorden. Vergleichen vnr 
diejenigen Tiere mit Ulcus in Pylorus oder Magenstrasse, die 
einen Gewicbtsverlust von ^ Kg. oder mehr haben, mit den 
Tieren mit Ulcus im Fundus oder Corpus, konnen wir fol- 
gendes fcststellen; Von 38 Tieren mit Ulcus in Fundus-Corpus 
starb nur 1 spontan und 8 hatten Gewichtsabnahme von mehr 
als Y 2 Kg. Von 15 Tieren mit Geschwiiren in Pylorus oder 
Mageirstrasse starben 4, und 8 hatten denselben Gewichts- 
vcrlust, also 24 — und 80 % stark beeinflusstes Allgemein- 
befinden bcziehungswcisc fiir Fundusgesclnvtire und Pylorus- 
geschwiire. Es gcht ein deutlicher Unterschied aus diesen Zali- 
len hervor. Den Grund dieser starken Beeinflussung des All- 
gemeinbefindens der Tiere ist es nicht moglich ohne weitere 
Untersuchungcn klar zu legen, es soil nur crwahnt werden, 
dass in 2 Fallen von Pylorusulcus eine hochgradige Aniimie 
beobachtet worden ist. 


Znsammcnfassung. 

71 Kaninchen sind in die Magenregion I'ontgenbestrahlt, 
und in verschiedenen Beobachtungszeiten von 24 Stunden 
bis auf 162 Tagen untersuchl worden. 2 Tiere sind ungefahr 
je 3 Tage getotet worden. Die Schleimhaut ist histologisch un- 
tersucht, und die Befunde konnen wir kurz in folgenden 
Satzen aufsummieren: 
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Rontgenbestrahlung von Kaninchenmagen nach Dosen von 
2000—6000 r ruft Degeneration der Schleimhaut meistens mit 
Geschwiirbildung hervor. 

47 Tiere batten Geschwiire, die friihesten nach 20 Tagen 
nach der Bestrablung, wahrend Erosionen schon nach 13 
Tagen ' auftraten. 

Die Grdsse der Geschwiire hat keine Relation zur Feld- 
grdsse Oder Zeit. ,Sie sind durchweg etwas grosser nach den 
grossen Dosen als nach den kleineren. Mit den angewandten 
experimentellen Verhaltnissen ist die tlbereinstimmung zwi- 
schen Geschwiirlokalisation und die Lage des Bestrahlnngs- 
feldes offenbar. 

Die Strahlenreaktion ist bedeutend starker in den Haupt- 
zellen als in den Belegzellen. 

Ein spezieller Typ der Belegzellen ist gefunden worden. 
Sie haben ein stark eosinophiles Cytoplasma und einen klei- 
nen, stark befarbten Kern. Sie sind sowohl in bestrahlter als 
unbestrahiter Fundusschleimhaut zu sehen, aber deutlich ver- 
mehrt nach der Bestrahlung. 

Morphologische Gefassveranderungen kommen erst in den 
spateren Stadien des Ulcus vor, und auch dann sparlich. 

Regeneration ist nach den hier angewandten Dosen und 
Beobachtungszeiten nicht oder nur wenig zu sehen. Bei sehr 
jungen Tieren dagegen ist die Regenerationsfahigkeit be- 
deutender. 

Das Allgemeinbefinden ist gewohnlich stark beeinflusst, 
starker, wenn das Ulcus in Pylorusteil des Magens sitzt als in 
den iibrigen Teilen. 


LITERATUB. 

1. Benthin, IE.: Bestrahlungsschaden. Strahlentherapie 1920, bd. 11, 

2 Uber Schadigung des Darmes bei Rontgenbestrah- 

lung. Strahlentherapie 1939, bd. 64, 291—310. 

3. GhilarduccU Citat nach Desjardins. 



315 


4. Dahl, B.: Wie entwickelt sicli das nekrotisdie Rontgengeschwiir? 

Stvalilenthei’apie 1937, bd. 59, 552 — 561. 

5. David, 0,: Untez’suchungen fiber den Einfluss von Rontgen- 

stralilen auf Kapillaren. Strahlentherapie 1926, bd. 23, 366 
—368. 

6. Daioson, A. B.: Histological Changes in the Gastric Mucosa 

(Pawlow Pouch) of the Dog Following In-adiation. Amer. 
Joui’n. Roentg. and Rad. Ther. 1925, bd. 13, 320 — 326. 

7. Desjardins, A.: Action of Roentgen Rays and Radium on the 

Gastrointestinal Tract. Amer. Journ. Roentg. and Rad. 
Ther. 1931, bd. 26, 145—190, 335—370, 493—510. 

8. Engclstad, B. B.: The Effect of Roentgen Rays on the Stomach 

in Rabbits. Amer. Journ. Roentg. and Rad. Ther. 1938, 
bd. 40, 243—263. 

9. E72gelstad, B. B.: tJber klagengeschwfiro nach Rontgenbestrah- 

lung, Strahlentherapie 1935, bd. 53, 139 — 170. 

10. Flaskamp, W.: tlber Rbntgenschaden und Schaden durch radio- 

aktive Substanzen. Sondei'biinde zur Strahlentherapie 
bd. XX (Urban und Schwarzenberg 1930). 

11. Gdl, F.; Uber Mastdarmkomplikationen bei Gebarmutterkrebs- 

kranken. Strahlentherapie 1939, bd. 64, 125 — 133. 

12. Hanke, H.: E.xperimentelle Untorsuchungen fiber hormonale 

Ulcuserzeugung IV. Die akute erosive Gastritis durch Hy- 
pophysenhintei'lapphormon und ihre Pathogenese. Zeit- 
schrift ffir die gesamte Experimentelle Medizin 1936, bd. 
99, 145—157. 

13. Hauser, G.: Peptische Schadigungen des Magens. Hbd. d. Pa- 

thol. Henke — Lubarsch 1926, 4. I. 

14. Heck, IF..- Schwere Darm und Hautschiidigung bei Rontgen- 

tiefentherapie mit Schwerfilter. Strahlentherapie 1920, bd. 
11, 796—802. 

15. Ivy, A. C., McCarthy, J. E., Orndoff, B. H.: Studies on the Effect 

of Roentgen Rays on the Glandular Activity. IV. Effect 
of Exposure of Abdominal and Thoracic Areas to Roent- 
gen Rays on Gastric Secretion, Roentgen Cachexia. Journ. 
Amer. Assoc. 1924, bd. 83, 1977 — 1984. 

16. Jaffe, B.: Anatomic und Pathologic der Spontanei-krankungen 

der kleinen Laboratoriumstiere. Berlin 1931. 

17. Jano, A.: Experimentelle Untersuchungen fiber die Heilungs- 

tendenz der Magengeschwfire. Zieglers Beitrage 1925, bd. 
73, 251. 

18. Meulengracht, E.: Histologiske Undersogelser over Pyloruskir- 

telorganet ved pernicios Ansemi. Nordisk Medicin 1939, 
bd. 1, 11—19. 



316 


19. Mulilmann, E. und Meyer, 0.: Beitrage' zur Rontgenschtldigung 

tiefgelegener Gewebe. Strahlentlierapie 1923, bd. 15, 49 — 64 . 

20. Ndndsy, G.: Ober Rontgenscbadigungen. Strablentherapie 1935 

bd. 54, 670—679. 

21. Nemenow, M.: Die Aussichten der Beeinflussung des vegetativen 

Nervensystems durch Rontgen-Radiumbestrablung. Strah- 
lentberapie 1935, bd. 53, 473—491. 

22. Nemenow, M. und Jugenburg, A.: Weitere Beobachtungen iiber 

die Rontgentherapie des peptischen Magen — Darmulcus 
nach unsere Methode. Strablentherapie 1936, bd. 57, 327 
—337. 

23. Nicolaysen, K.: Experimentelle undersokelser over erosioner I 

A'entriklen ved vagusirritation. SBcrtrykk av Norsk Mag. 
f. Leegev. nr. 3 1920. 

24. Portis, S. A. and Ahrens, B.: The Effect of Shorter Wawe-Length 

Roentgen Ray on the Gastric Secretion of Dogs. Amer. 
Joum. Roentg. and Rad. Ther. 1924, bd. 11, 272—280. 

25. Begaud, Nogier et Lacassagne. 1912. Citat nach Desjardins. 

26. Sanders, A.: Zur Kenntnis der Rontgenscbadigungen am Darm. 

Strablentherapie 1924, bd. 18, 457 — 472. 

27. Tsiikamoto, B.: Ober die StoffwechselstOrungen nach Bestrali- 

lung der Leber mit Rontgenstrahlen. Strablentherapie 
1924, bd. 18, 320—368. 

28. Welzel. Citat nach Flaskamp. 

29. Wintz, H.: Vergleich der Dosen bei der protrahiert-fraktionierten 

und bei der einzeitigen Rdntgenbestrablung. Strablen- 
therapie 1933, bd. 48, 535 — 551. 

30. Wolfer, J. A.: Chronic Experimental Ulcer of the Stomach. Journ. 

Amer. Med, Assoc. 1926, bd. 87, 725 728. 



FROM THE LABORATORY OF PATHOLOGICAL ANATOMY 
GOTHENBVRG (PROSECTOR, C. 0. FORSELWS, SECOND 
PROSECTOR, G. YEJLENS) AND FROM THE PATHOLOGICAL 
INSTITUTE (PROFESSOR R. FAHRAEUS) AND THE LABORA- 
TORY OF CEREBRAL PATHOLOGY (DOCTOR N. GELLERSTEDT) 

UPSALA. 


SPECIFIC PULMONARY ALTERATIONS 
IN TUBEROUS SCLEROSIS. 

By Gert Vcjlcns. 

(Received for publication October 8tb 1940). 

The term tuberous sclerosis is generally taken as meaning 
the same thing as tuberous sclerosis of the brain. Berg and 
Vejlens, however, have already dissociated themselves from 
this view and have expressed their adherence to Josephifs 
opinion that tuberous sclerosis is a malformational disease 
of a general character and not a specifically cerebral affec- 
tion. Our opinion is supported by obsers'ations made by us 
on a case, published last year, of tuberous sclerosis of the 
brain occurring concomitantly with a peculiar pulmonary 
disease that pointed both clinically and anatomically to 'cystic 
lung’, but which in certain marked respects was of another 
nature and revealed a tendency to tumorous formation. The 
disease we have described appears to manifest itself familiarly, 
as tuberous selerosis of the brain often does. On this point 
we are continuing the investigation. The account of the 
disease, already given by us, I wish here to illustrate by a 
somewhat more detailed report on the pathologico-anatomical 
findings — partly in order to show that we are in fact con- 
cerned with a case of tuberous sclerosis of the brain and 
partly to establish the specific character of the pulmonary 
alterations. 
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Of the chmcal data I will mention here only the following: The 
patient, an unmarried woman, was liealthy until she reached the 
age of 30. Round the mouth and nose, however, she had had, since 
le age of 1, or 18, numerous small yellow and light red nodules. 
The disease broke out in an acute form with a spontaneous pneumo- 
thorax. Subsequently the subject’s condition alternated between 
periods of pneumothorax and to all appearances perfect health 
Gradually it became apparent that a pulmonary heart disease had 
developed, combined with reduced vital capacity of the lungs 
(1500 C.C.). There were no indications of psychic illness. After 
appi’o.vimately two years of clinically manifest disease symptoms, 
the patient died at the age of 32. 


Pathologico-anatomical findings. 

An extei-nal examination of the body revealed, around the nasal 
alae and in the naso-labial sulci, numerous pale red or yellow- 
green nodules, about the size of a pin-head or somewhat smaller. 
No microscopic investigation ivas made of these ‘Pringle's naevi’. 
Tliere was nothing else of importance to be noted. Thus the struc- 
tui'e of the body was normal and the musculature and flesh not 
noticeably reduced. 

On the exterior of the cerebrum no alterations were visible. On 
the convexity of the frontal lobes, on the other hand, and in the 
adjacent parts of the parietal and temporal lobes, there were 
numerous palpable resistances resembling tumours and ranging 
from pea to hazel-nut size. These were diffusely limited and were 
of a fairly firm consistency. These foci exhibited a characteristic 


appearence under the microscope, corresponding to the descriptions 
first given by Bourneville. The alterations, however, were but 
slightly pronounced. The outermost layer of the cerebral cortex 
was interlaced with hypertrophic neuroglia tissue, consisting chiefly 
of glia-fibres parallel to the surface proceeding from an increased 
number of glia-cells, a portion of which were atypical and very 
often large in size (fig. 1). In the immediately successive layers 
of the cerebral cortex the numerically increased glia-fibres formed 
a thin network, which occurrence represents a deviation from their 
normal presentation. It was not only in the surface strata but 
also in the subcortical medulla that the glia-cells showed a numer- 
ical increase, the cells being atypical quite often and very large 
(fig. 2). They frequently contained several large, more or less ir- 


regularly formed nuclei. 

In general the architectonic of the cerebral cortex with Bred- 
mann's characteristic strata of differently sized pyramidal cells etc 
was well preserved even in the tuberous foci certain cases 
however, these revealed a completely irregular structure. They then 
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contained, within flie I'egions wliicli may be assumed to correspond 
to the 3''^ and 4‘*’ layers, a great number of abnormally lai'ge, 



Fig. I. 

Neuroglia proliferation at the surface of a cerebral tuberous 

formation. 

irregularly formed and unsystematically directed pyramids, which 
were all the more in evidence in that the total number of nerve-cells 
was considerably reduced (fig. 3). The medullary sheaths showed 
a clear numerical increase in the superficial tangential layer. 



-- , 
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Fig. 2. 

Glia-cell of abnormal form and size in the subcortical medulla. 
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The left cerebral hemisphere containerl nn n ^ 
the ventricle t^vo greyish white, firm tuLours LnT T 
bean size. The microscope revealed that theTe h 
with focalic calcifications. ® 

Even if in this case the pathologico-anatomical cerebral alter- 





Fig. 3. 

Atj'pical pyramid cells in a tuberous focus. 


ations are only moderately pronounced, we may nevertheless regard 
them as satisfactoz-y evidence of a tubrj'ous sclerosis of the brain. 

The heart was large and dilated and its musculature hyper- 
trophic. The alterations affected in pai-iicular the right half, agree- 
ing with an impeded circulation in the pulmonary circuit. The 
musculature was diffusely indurated with connective tissue but the 
valves and coronary arteries showed no alterations. No tumours 
were visible. 

The lungs presented a unique appearance. They were everywhere, 
except laterally at the right tip, ongrown to the wall of the thorax 
by means of rather loose connective adherences. The free space 
corresponded to a pneumothorax cavity of the dimension of a good- 
sized tangerine, the • existence of the cavity having been previously 
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rontgenologically attested. The lungs were large and voluminous 
and felt to be more air-cushioned than usual. The surfaces were 
dotted with small air-filled bubbles, not more than pea-size, sug- 
gesting a bulbous emphysema. 

The cross section was greyish brown in colour like a stasic 



Fig. i. 

Cross-section of the lung showing the cystic malformations. 


lung. It presented an appeai-ance totally diffei'ent from normal 
lung tissue, resembling a bath-sponge or a honeycomb which agreed 
with the puzzling indications of the pi'eviously made x ray (fig. 4). 
It was diffusely cribbled with small cavities embedded in compact 
tissue. These cystic formations contained air, and here and there 
by exception, a clear, serous fluid; they never exceeded pea-size 
and the smallest ones were too minute for observation with the 
naked eye. The walls between the larger cysts often reached Vs cm. 
in thickness, but they then contained a number of miniature cysts. 
In places the cyst walls wei-e only the thickness of paper and had 
been perforated, so that here and there systems of confluent cysts. 
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separated by imperfect septa, were formed. One was unable to 
detect any ordering of the cysts along the ramifications of the 
bronchial tree, but in various places it was apparent that open 
communication existed between them and the finer bronchial tubes. 

he inner surface of the cyst walls was glossy and smooth but 
in the majority of the cysts numerous greyish white nodules up 
to pin-head size, were to be seen marking the surface. Similar 
small, tumour-like formations were apparent in many places em- 
bedded in the septa. 

Microscopic examination showed that only insignificant traces 
remained of normal lung parenchyma. The picture presented was 
of multitudinous cyst-like cavities of every conceivable size, se- 
parated by walls of gi-eatly varying thickness. The majority of the 
cysts were round in form, whilst others were infallen like empty 
sacks or spread out into ramifications. A lesser number of the 
cavities were wholly, or within small sections of the walls, covered 
%vith cylindrical bronchial epithelium and can thus be taken to 
correspond to the pulmonary cysts described by Oudendal and 
others as caused by an arrested development of the bronchi in the 
embryonic phase. The big majority of the cystic cavities were, on 
the contrary, without epithelium covering. Towards the lumen, 
howevei’, much flattened cells were revealed which were here and 
there rather like alveolar epithelium. It is not clear how far these 
cavities, without or with an uncharacteristic cell covering, are to 
be regarded as congenital cystic formations or as emphysematic 
bubbles originating during the post-foetal life and the problem can 
hardly be solved by the deductions from a single section. It seems, 
nevertheless, reasonable to assume that the majority of them, even 
though undergoing alterations during life both as to form and 
size, are in fact congenital cysts. 

The question of the possible congenital origin of the 'cysts’ is, 
however, in the present case of less importance than the question 
of the character of the interstitial lung tissue. The walls of the 
cysts consist to a large extent of connective tissue containing 
numerous blood-vessels. But the most salient component is plain 
muscular tissue (fig. 5). This muscular tissue, moreover, is not, 
as in the descriptions of cystic lung previously given hy Buchmann 
and Oudendal and others, disposed in thin superficially para el 
layers Nor does it bear resemblance to the more irregular muscular 
pSrSlons o. SM-l's n.usc„l.r cirrhosis ^ 
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stance, which is coloured yellow in the normal way by picric acid, 
according to van Gicson's, method, has not always the same regular 
narrow fusifoi’m shape, which is so characteristic of this smooth 
musculature. The muscular fibres are often shorter and thicker 
and blunted at the ends. They are probably to be regarded as 



Fig. 5. 

Myomatous walls between pulmonary cysts. 


survivals from the embryonic stage, without however presenting 
the appearance of malignant tumour cells. The essential charac- 
teristic of this myomatous tissue is that the muscle fibres are 
joined together in intercrossing bunches and clusters precisely as 
in the case of an oi'dinary myoma (fig. 6) and in the same way 
as in the tumours frequently observed in tuberous sclerosis, or the 
tumour-like formations in the kidneys for example (cf. figs. 7 A 
and B). The lungs thus present, apart from the general cystic 
transformation, the aspect of a diffuse myomatosis, which must 
be considered as very closely related to the genuine tumour 
formation. 

In the interstitial lung tissue, furthermore, the usual indications 
of a stasis were observ’cd with hemorrhages and the accumulation 
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clearly reduced in number but thp v a elastic fibres were 
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Leiomjmma (myoblastoma) in the lung. 


can scarcely, hoAvever, have been of any essential importance, in 
that it was insufficiently pronounced. 

The kidneys were of approximately normal size. They lay for 
the most part embedded in a conglomerate of partially intergrowing 
greyish white tumours, varying from pea-size to the size of a 
plum. All these tumours were situated outside the renal capsule. 
They deformed the kidneys but their growth only encroached on 
them at individual places. Everywhere in the cortex and here and 
there in the medulla the cross section was full of similar tumours 
up to pea size. Otherwise the renal parenchyma, apart from stasis 
symptoms, exhibited no obvious alterations. 

The renal and pararenal tumours presented in the main the 
same appearance. As was the case with the pulmonary tumours, 






325 


they were formed of plain embryonic muscular tissue growing, as 
in a myoma, in intercrossing clusters of muscle fibres. These were 
quite short and at times contained almost round nuclei (fig. 7 A). 
In the myomatous tissue, as at places in the renal parenchyma, 
small lipomata or lipoma-like malformations were intercalated, often 
traversed by passages of plain musculature (fig. 8). It would ap- 



Fig. 7. 

Myomata, A in the renal capsule, B in a lymphatic gland. 


pear to be a matter of taste whether these phenomena are best 
defined as multilocular benign tumours — leiomyomata, non-striated 
myoblastomata, lipomata, lipo-myoblastomata — or as tumour-like 
malformations. ‘Mixed tumours’ of this and of similar types in, 
and especially around, the kidneys occur concomitantly, as has 
frequently been observed before, with tuberous sclerosis of the brain. 
It may be mentioned incidentally that in the kidneys, especially 
just beneath the surface, individual cysts covered with cubic epi- 
thelium were encountered. 

In this connection it is perhaps worth recording as a curiosity 
that on investigating the parathyroidal glands on the left side of 
the trachea behind the thyroid gland, a roundish formation was 
encountered somewhat larger than a peppercorn and of a greyish- 
white colour. Microscopic investigation was necessary before it 
could be identified, whereupon it proved to be a lymphatic gland. 
Of the glandular tissue, however, only a very small portion re- 
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formation partly surrounaed by intracapsmar linnm™. ' 

(%. 9). Its appearanc, under ,L mio™C c.:;~ [f™ 



Fig. 8. 


Lipo-leiomyoma (lipo-myoblastoma) in the kidney. 


essentials with the renal and pulmonary tumours already described 
(fig. 7B). 

The spleen was somewhat enlarged and exhibited sj^mptoms of 
chronic stasis with induration of the tissue. It contained at the 
lower pole a fairly well delimited tumour about egg size, of a 
firm consistency, with light reddish grey, even sectional surface. 
The microscope revealed a tumour of comparatively rare occur- 
rence, a splenoma, formed of oval reticular cells. It is to be re- 
membered that the splenoma — even though it is commonly called 
a primary splenic tumour — is generally considered as inter- 
mediary between a tumour and a malformation. 

The liver exhibited a chronic stasis but was not remarkable 
otherwise. 

The endocrine glands contained no tumours but presented a 
number of striking alterations which ma}^ well be of significance 
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as regards the origin and progi-ess of the disease. In the hypo- 
physis a focalifoi’m hyperplasia of the principal cells was found, 
especially in the anterior lobe, and a clear diminution of the 
eosinophile cells. In the thyroidal and parathyroidal glands there 
were no ' certain pathological altei-ations. The suprarenals were 



Fig. 9. 

Lymphatic gland containing a myoma and, to the right, lipomatous 
tissue. On the left and below remains of lymphatic tissue. 


small, 2 — 3 cm. in length and only a couple of millimeters in 
thickness. The cortex was of normal appearance but the medulla 
was atrophied in a high degree. The ovaries were atrophic and 
their cortex ovularly deficient. 


Discussion. 

The above account is in the main a re-affirmation simply 
of already well-known alterations in cases of tuberous scler- 
osis. Thus the cerebral and renal alterations do not afford 
any new' data of exceptional interest. The myoma in the 
lymphatic gland and the splenoma, however, are in the nature 
of novelties. But what is of interest in the present case is 
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the specific pulmonary alterations and their familiar occur 
rence. The deceased patient left a sister and two brothers, 
all of whom are still alive. In the case of the younger sister,’ 
characteristic rontgenological alterations of the lungs, as well 
as Pringle’s naevi and the papillomatous growths at the nails 
so typical of tuberous sclerosis, have been constated. The 
three brothers in the family are reported to have similar 
facial naevi. A clinical investigation of them %vilt be under- 
taken, if circumstances permit, in the near future. In this 
connection the rontgenological results %vill be published by 
Dr. Berg and Dr. Zachrisson in Acta radiologica. 

Recently Bruce has published an analytical survey of the 
various types of cyst-affected lung of congenital origin, in 
w'hich congenital cystic lung is represented as being formed 
of thin-walled cysts. It may happen that the cyst-walls burst, 
giving rise to a spontaneous pneumothorax. This, however, 
presupposes that the cysts are in open communication with 
some bronchial branch. In other cases the impeded circul- 
ation of the blood gradually gives rise to pulmonary heart 
disease. In the case described by Berg and myself, both these 
complications manifested themselves. A third complication 
is, according to Bruce, an infection w'hich on account of in- 
flammatory infiltration together with proliferation of the 
connective tissue and musculature, causes a thickening of 
the cyst-wmlls, a circumstance which renders rontgenological 
diagnosis difficult. 

But the case here described shows that the thickening of 
the cyst-walls may be caused in another way, i.e. by an 
infiltration of tumorous or tumour-like tissue. It is doubtful 
whether the lung cysts in this case should per se be character- 
ized as malformations having no essential connection with 
the formation of tumours, or as an expression of tumour 
formation. But if one adopts the view that tuberous sclerosis 
is intermediary between a tumour formation and, a malform- 
ation, and if one knows that sclero-tuberous alterations were 
established in the brain and the kidneys as usual, and were 
also found in a single lymphatic gland and m the spleen, 
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and if, further, due regard is paid to the fact that the disease 
is of familiar character, then one is justified, it would seem, 
in holding that the myomatous alterations in the lung tissue 
are also an expression of a general malformational disease 
with a tendency towards tumour formation. Whether the 
case is then to he designated as cystic lung or not, can he 
regarded as a matter of opinion. For my own part, I regard 
the alteration as a tuberous sclerosis of the lungs, or, ex- 
pressed in another way, as a tuberous sclerosis ^vith the es- 
sential alterations localized in the lungs and with secondary 
symptoms of the same nature in the brain and kidneys etc. 

On microscopic examination of the endocrine organs, cer- 
tain clear alterations were observable in the case of some of 
them, e. g. a reduction in number and size of the eosinophile 
cells in the pituitary gland, and an atrophy of the ovaries 
and of the medulla of the suprarenals. These alterations are 
possibly of importance for the explanation of the origin of 
tuberous sclerosis and the understanding of the genesis of 
tumours in general. But in ^'iew of the uncertainty of the 
evidence adduced from the investigations hitherto undertaken 
on alterations of the endocrine glands in cases of cancer and 
other tumorous diseases, I deem it inexpedient at the present 
moment to go into the question of the possible connection 
between tuberous sclerosis and malignant tumours and a 
disturbance of the functioning of the endocrine glands. I 
am, nevertheless, prone to believe that such a connection 
does in fact exist. 


Summary. 

Last year Berg and Vejlens published an account of an 
exceptional^' rare disease, which was of familiar occurrence 
but whilst presenting the usual symptoms of a tuberous 
sclerosis of the brain, was in other respects peculiar. The 
essential alterations, of which a pathologicco-anatomical de- 
scription was given, were not localized in the brain but in 
the lungs. These showed a general cystic degeneration and 
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what is most remarkable — in the septa of the c}’sts 
a myomatous proliferation of a tumorous character. The 
alterated lungs, accordingly, should not be regarded as 
cystic lung’ of a new type but as one of many expressions 
of a malformational disease Avitli a tendency towards tumour 
formation. The alteration is here designated as 'tuberous 
sclerosis of the lungs'. 

The genesis of the disease is not clear. That the alter- 
ation is of congenital origin may, however, be regarded as 
certain. Further, co-present alterations in the histology of 
certain endocrine organs point to some connection between 
the tuberous sclerosis and a disturbance of equilibrium in the 
endocrine system. 
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ON THE DEVELOPAIENT OF ANTIBODY 
IN RABBITS IMMUNIZED WITH HUMAN BLOOD 
CORPUSCLES OF TYPE A. 

By Jargen Flatnavd Christensen. 

(Received for publication November 5th, 1940). 

Immunization of rabbits with human blood corpuscles of 
type A has shown that there is a great difference between 
the different animals with regard to the development of an- 
tibody reacting with that A antigen which characterizes tliis 
blood type. 

This was for the first time demonstrated by Hooker & 
Anderson who, in 1921, found that only 2 out of 5 rabbits 
immunized v\ith human blood corpuscles of type A responded 
by producing specific agglutinin. 

Numerous investigators have carried on these studies and 
obtained interesting results, which illustrate both the com- 
position and occurrence of the A antigen and the conditions 
which involve variations in the individual development of 
antibody in response to the introduction of the same antigen. 

Tlius Schiff & Adelsberger in 1924 found that animals 
responding to immunization by developing A agglutination, 
at the same time produced antibody which, in the presence 
of complement, hemolysed sheep red corpuscles, and which 
caused precipitation with alcoholic extract of guinea pig 
kidneys. They showed thereby that A antigen is contained in 
sheep red corpuscles and in organs of guinea pigs, whence 
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this A antigen mnst belong to . that group og »heterogenetic« 
antigens which are termed Forssmann antigens. Hov^ever 
with the a^ of absorption experiments they likewse showed 
that this Forssman antigen only represents part of the A 
antigen . of human red corpuscles. Schiff straightway calls this 
part of the A antigen »Schafanteik (sheep part), because it 
IS also contained in sheep red corpuscles, whereas he calls 
the remaining part of the A antigen »Restanteil« (remainder). 

These experiments were subsequently confirmed by 
numerous investigators {Dolters, Witebsky, Okabe, Mai, 
Hara, Thane Andersen). However, by a special examination 
of the A antigen content of sheep red corpuscles T. Andersen 
has shown that this »Schafanteil« cannot be considered to 


be a well defined unity, for he demonstrates that the quantity 
of A antigen in sheep corpuscles varies greatly and in such 
a manner that a certain part of the A antigen is contained 
in the red corpuscles of all sheep, whereas the red corpuscles 
of some sheep in addition to it contain a smaller or greater 
quantity of A antigen. Moreover, I have shown that the 
A antigen which — as a species property — is contained in 
the red corpuscles of all sheep is essentially the same as that 
contained in the organs of guinea pigs, thus being a Forssman 
antigen proper. On the other hand, that A antigen which is 
contained in the red corpuscles of some sheep only, is not 
detectable in the organs of guinea pigs.*) 


*) T. Andersen has shown that this difference in the antigen 
content of sheep corpuscles is due to a number of qualitatively 
different fractions of A antigen, which may be contained in these 
corpuscles. By absorption, of. immune sera, produced by immun- 
ization of rabbits ivith human red corpuscles of type A, with blood 
corpuscles of different sheep he found that the red corpuscles of 
some sheep only removed a minor part of the sheep hemolysin, 
whereas others removed a greater part of it. This is due to a qua i - 
ative difference in the A antigen content of sheep red corpuscles 
Part of the A antigen - as a species property - is common for 
all sheep hut, besides this part, the red corpuscles of some sheep 
contain one or several qualitatively different A components. 

-Jhis difference in the A antigen content of sheep reed corpuscles 
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As was mentioned before, rabbits immunized with human 
red corpuscles of type A are not all capable to develop anti- 
bodies, but whereas the majority of investigators are of 
opinion that rabbits either do develop antibodies reacting 
with all the components of the A antigen or do not develop 
any A antibody at all, 0, Thomsen partly on the ground of 
theoretical reflections thinks that such a sharp differentiation 
is not correct. Thus he mentions for example that the serum 
of virtually all rabbits contains a spontaneously developed A 
agglutinin which is of very varying strength however. Experi- 
ments of immunizing rabbits with A corpuscles accordingly 
reveal that A agglutinin is developed in all the animals, whereas 
there seems to be a sharper differentiation between them with 
regard to their property of producing sheep hemolysin. 

The object of the experiments, which shall be described 
in the followng, is to clear up these conditions, that is to 
say, to demonstrate what rabbits after immunization with 
human red corpuscles of type A do react by developing anti- 
bodies, and whether the antibodies react ^vith the entire 
A antigen or only with fractions of it. 

In another paper will be described the constitutional con- 
ditions which are at the bottom of the different modes of 
reaction. 

Forty rabbits altogether were immunized with Aj cor- 
puscles and 14, with A, corpuscles. The antibody formation 
being the same whether Aj or A„ corpuscles were used for 
the immunization, the two groups will be described collect- 
ively. Some animals only received 3 injections at intervals 
of 2 days, whereas the immunization of others was continued 
for up to 7 months, the first injections being given at inter- 
vals of a couple of days, and later — when the quantity of 
antibody had ceased to increase — at interv'als of from 1 
to 2 weeks. 


must, perhaps, be considered an analogy to the difference in the 
A antigen content of human red corpuscles, which manifests itself 
by the existence of the so-called subgi’oups. 
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For the injections was used a 10 % suspension 6f blood 
corpuscles in physiologic saline, 1 cc. of which was injected 
into an ear vein. Anaphylactic reactions were never obsen-ed 
after the injections. The antibody formation was controlled 
with the aid of frequent examinations performed both prior 
and subsequent to the immunization. Every examination in- 
cluded determination of the quantity of species-specific anti- 
body by agglutination with corpuscles of type 0. This anti- 
body was subsequently removed by absorbtion with blood 


corpuscles of this type. Afterwards the content of A agglutinin 
and sheep hemolysin was determined. This latter determination 


was made with sheep red corpuscles containing much A an- 
tigen. Then the serum was absorbed with sheep red corpuscles 
containing very little A antigen, and finally the serum was 
subjected to examination in order to detect whether it still 
contained hemolysin opposite sheep red corpuscles containing 
much A antigen. In that way it was endeavoured to ascertain 
whether the serum only contained hemolysin opposite that 
A antigen which exists in the red corpuscles of all sheep, 
or whether it contained at the same time antibody opposite 
such A antigen as is found in some sheep only. 


Agglutination experiments were performed with the technic usu- 
ally applied in this institute, quantitative determinations being 
made by titration of 0.1 cc. of serum in physiologic saline, the first 
of a series of diminutive test-tubes containing 0.1 cc. of undiluted 
serum, whereas in the following tubes was placed 0.1 cc. of fluid 
containing Vs, V-<, Vs etc. volume of serum, respectively. To each 
tube was then added 0.1 cc. of an about Va % suspension of blood 


corpuscles. After vigorous shaking the tubes were left to stand at 
room temperature, and readings were made as a rule after about 
18 hours. Occasionally the readings were made after the lapse of 
4 hours, because hemolysis appeared in isolated sera when the 
tubes were left to stand longer. Comparative readings after the lapse 
of 4 and of 18 hours did not reveal any essential difference m the 
magnitude of the titer. For these experiments fresh or, at the high- 
est 24 hour old corpuscles were used. In numerous ‘^^ses i was 
necessary to dilute the serum to titration, dilutions ^ 

etc. then being used in conformity with those obtained by thiati • 
In the subjoined tables recordings are made m 
implying very strong agglutination with coarse lumps and coherent 
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clods, + + strong agglutination with coarse granules, + distinct 
agglutination with fine granules, and (+) implying traces of or 
doubtful agglutination. The agglutination titer is expressed by the 
recipi’ocal value of the weakest serum concentration which is able 
to agglutinate blood corpuscles, that serum concentration being 
proceeded from, which the tubes contain before the suspension of 
blood corpuscles is added. Thus, even though the serum is diluted 
before titration, the titer will always be a power of 2, 

The qiiantilij of hemolysin was determined quantitatively by 
titration in the same way as the agglutinin. As diluter was used 
diluted guinea pig complement (cpl.). In the first tube was placed 
0.2 cc. of cpl. diluted with physiologic saline in the proportion of 
2/15, in the following tubes, 0.2 cc. of cpl. diluted 1/15, in which 
0.2 cc. of serum (eventually serum dilution) is titrated. Thereby 
a complement dilution of 1/15 is obtained in all the tubes, and a 
serum dilution of 1/2 in the fii-st tube and of 1/4, 1/8 etc. in the 
following tubes. 

After titration 0.05 cc. (1 drop) of a 5 % suspension of sheep 
red corpuscles is added to each tube, and after vigorous shaking 
the tubes are placed on a constant-water-bath of 37° for 20 minutes. 

Readings are made when the nonhemolysed corpuscles have 
settled down. The degree of hemolysis is estimated roughly accord- 
ing to the coloration of the fluid and the size of the precipitate, 
and it is recorded with the numbers 100 — 80 — 60 — 40 — 20 — 0, 
which I'epresent different percentages of total hemolysis. 

Just as in agglutination the hemolysis titer is expressed by the 
reciprocal value of the lowest serum concentration which is able 
to give unquestionable though faint hemolysis, no regard being 
paid to the slight dilution brought about by the addition of blood 
corpuscle suspension. 

The complement fixation experiments were performed with the 
technic devised by 0. Thomsen, which is usually applied in this 
institute; 0.1 cc. of sei'um is titrated in a series of tubes containing 
0.1 cc. of saline each so as to obtain the dilutions 1/2, 1/4, 1/8, etc. 
To these dilutions is added 0.1 cc. of the antigen solution and 0.1 cc. 
of cpl. solution containing 1% titer dose. After IV 2 hour's standing 
at room temperature is added 0.2 cc. of a 2.5 % suspension of sheep 
red corpuscles sensitized with 2^^ dose of amboceptor; then the 
tubes are placed on a constant-water-bath for 20 minutes, and read- 
ings are made in the same manner as in the hemolysis experiments. 
Control experiments with regard to the autofixation of serum and 
antigen are performed at the same time. 
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These systematic examinations showed that nhwt 
corcHng to their capahiHty „t developio/aolkatSa’: 

wa, o 1 ° a™ '’'‘“■“'‘'rtaed groups, and this difference 
quite independent of their hawng been immunized a few 
times or during a very long period. 

This IS Illustrated by the graphs, Figures 1, 2, 3, and 4 
which show the quantities of the various antibodies founci 
in 4 rabbits (R 14, R 1, R 15, and R27). The titer, recorded 
as a power of 2. which corresponds to the number of lubes 
with positive reaction, is noted on the ordinate, whereas the 
time, distributed into weeks, is noted on the absciss-axis. 
The dates recorded on the latter represent the days of examin- 
ation, whereas the vertical lines indicate the days of immun- 
ization. 



Fig. i. 

R 14, immunized 3 times with Aj blood corpuscles. 



Fig. 2. 

R 1, immunized with blood corpuscles in the course of G months. 



^ ’^/7 
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Figr. 4. 

R 27, immunized with Aj blood corpuscles in the course of 7 month. 


Agglutination of 0 blood corpuscles: 

Agglutination of A^ blood corpuscles; serum absorbed 
with 0 corpuscles: 

Hemolysis of sheep red corpuscles; serum not absorbed: 

Hemolysis of sheep red corpuscles; serum absorbed 
with 0 corpuscles: 

Hemolysis of sheep red corpuscles; serum absorbed 
with 0 corpuscles, and with sheep corpuscles 
with little A antigen: 
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The two rabbits, R 14 and R 15, were immunized with 
3 injections made at intervals of 2 days, whereas the other 
two, R 1 and R 27, were immunized frequently throughout 
7 months. 

The figures show a distinct difference in the capability 
of the rabbits of developing antibodies, R 14 and R 1 haiing 
produced only a very small quantity of A antibody, whereas 
R 15 and R 27 have developed antibodies with a high titer. 

Comparison of the several curves traced for these 4 ani- 
mals shows a distinct elevation of the titer for agglutination 
of blood coi-puscles of type O. The elevation is smallest in 
the animals immunized a few times, though there is no 
essential difference between the 4 rabbits. 

Comparison of the curves representing the quantity of 
A agglutinin shows, however, only a slight elevation in R 1 
and R 14, the titer for the A agglutination being constantly 
lower than the titer for the O agglutination. In contradistinc- 
tion to this, a very considerable increase of the quantity of 
A agglutinin, w'hich exceeds the quantity of O agglutinin, is 
found in R 15 and R 27. 

A still more pronounced difference is evidenced by the 
cuiwes traced for the sheep hemolysin. These titration cun’es 
show that, in R 1 and R 14, there does not ensue any increase 
whatever of the hemolysin existing prior to immunization, 
whereas a considerable increase of it is observed in R 15 and 
R 27. On examining particularly whether, after absorption of 
serum with sheep red corpuscles containing very little A an- 
tigen, there is hemolysin corresponding to that A antigen 
which is contained in the blood corpuscles of some sheep 
only, it becomes evident that such hemolysin is at no time 
detectable in serum from R 1 and R 14, whereas, after im- 
munization, it is detected with a high titer in R 15 and R 27. 
This hemolysin, \vhich fails to be detected in serum before 
immunization, also disappears entirely some time after the 
termination of the immunization, whereas the other anti- 
bodies gradually return to their initial values. 
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These 4 rabbits are typical examples of the differences 
in the property of rabbits to develop antibodies. Tliat the 
same differences assert themselves in all the remaining rab- 
bits is shown hy Table 1 and Table 2, which jointly comprise 
all those animals which were immunized with A blood cor- 
puscles. 

These Tables record (1) the highest titers for agglutin- 
ation of O blood corpuscles, (2) the titers for agglutination 
of A corpuscles prior to immunization as well as the highest 
titers after immunization, (3) the corresponding titers for 
the hemolysis of sheep red corpuscles and, finally, (4) the 
corresponding titers for the hemolysin corresponding to that 
A antigen which is found in some sheep only. 

In Table 1 are recorded all those animals which had but 
little capability to produce antibodies, whereas the others are 
recorded in Table 2. 

On glancing at these tables it is seen that the titers 
for the agglutination of 0 corpuscles vary from 2® to 2^®. 
0. Thomsen mentions that those rabbits which produce strong 
A antihodj' develop but little O antihodjs whereas, reversely, 
those which produce little A antibody form much O antibody, 
for he thinks that the production of O antibody is inhibited 
by the strong A antibodj' formation. However, even though 
my own experiments show that the lowest anti-0 titer is found 
in an animal which produced strong A antibody, and the 
highest titer in an animal which produced only a small 
quantity of A antibody, the two tables on the whole show 
such uniform values that there is no clue for this assumption. 
It has indeed been found that, if rabbits are immunized with 
blood corpuscles of type O, they will certainly all produce 
antibody in profusion but still in distinctly varying quantities. 
Thus the capability of producing A antibody cannot alone 
be decisive of the quantity of O antibody which develops after 
immunization ^^■ith A blood corpuscles. 

On the other hand, Table 1 and Table 2 show a pro- 
nounced difference between the animals with regard to the 
A agglutinin. 
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Table 1. 


Agglutination of 
A blood corpus- 
cles. Serum ab- 
sorbed with 0 
corpuscles 


Hemolysis of 
I sheep corpuscles. 

Serum absorbed 
1 with 0 corpuscles 


Hemolysis of 
sheep corpuscles. 
Serum absorbed 
with 0 corpuscles, 
and with sheep 
corpuscles with 
little A antigen 



Table 1 shows the highest if coCv^ 

minations before and nabilitv to produce antibodies. Tlie 

rabbits which had but little ^ap ^ to 18 injections, tlie 

first 7 rabbits were corpuscles, 7 of these 

next 9, with from 3 to 5 mjecHons ^tieep red cor- 

animals had shortly b.efore hemolysin. Immunizatmn 

puscles, whence they had to™ further increase. The remaining 

?vith A blood corpuscles cansed no turth- - 

9 rabbits were immunized with A, moo 
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Table 2. 


Rabbit Nr. 

Agglutin- 
ation of 
0 blood 
corpus- 
cles 

Agglutination of 
0 blood corpus- 
cles. Serum ab- 
sorbed with 0 
corpuscles 

Hemolysis of 
sheep red cor- 
puscles. Serum 
absorbed w'ith 0 
corpuscles 

Hemolysis of 
sheep red cor- 
puscles. Serum 
absorbed with 

0 corpuscles, and 
with sheep red 
corpuscles with 
little A antigen 


after im- 

before 

after 

before 

after 

before 

after 


munizalion 

immunization 

immuni'/ation 

immunization 

3 

213 

2® 

213 

21 

214 


210 

8 

213 

2- 

211 

20 

216 


213 

22 

211 

2® 

015 

211 

215 


213 

24 

213 

21 

211 

26 

21® 


212 

27 

213 

22 

014 

23 

217 


211 

42 

28 

23 

06 

25 

214 


213 

44 

03 

21 

212 

27 

210 


211 

46 

05 

g 1 

013 

03 

217 

0 

210 

48 

2S 

^ 1 

. 01® 

28 

215 

0 

214 

49 

2' 

22 

Olo 

27 

215 

0 

214 

50 

25 

^ 1 

211 

25 

214 

0 

212 

57 

211 

21 

211 

2® 

216 

2’ 

214 

58 

210 

21 

2® 

2® 

215 


213 

12 

2' 

2® 

211 

2‘ 

210 

0 

210 

13 

2® 

20 

212 

25 

210 

0 

2® 

15 

25 

22 

213 

1 

211 

0 

212 

20 

2® 

2® 

211 

27 

211 

0 

210 

21 

26 

23 

2® 

26 

211 

. 0 

210 

23 

27 

23 

2® 

21 

214 

0 

211 

28 

2® 

25 

2® 

24 

211 

0 

211 

32 

26 

23 

216 

25 

211 

0 

29 

33 

27 

2^ 

29 

26 

215 

0 

29 

36 

27 

25 

012 

2® 

215 

.0 

212 

40 

26 

2^ 

210 

28 

210 

0 

214 

4 

210 

23 

211 

25 

216 

0 

213 

11 

2® 

2® 

210 

26 

213 

0 

211 

17 

212 

26 

210 

29 

212 

0 

212 

53 

211 

22 

210 

28 

211 

0 

210 

59 

2® 

21 

2® 

2® 

212 

0 

29 


Table 2 shows the highest values of the different antibody 
determinations before and during the immunization. It comprises 
those rabbits which produced strong antibodies. The first 13 animals 
were immunized w'ith from 11 to 18 injections, the next 11 animals, 
with from 3 to 5 injections of Aj blood corpuscles, and the last 5 
animals were immunized with A, blood corpuscles. 


Acta path. Vol. XVIII. Ill 
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The animals in Table 1 after immunization present titers 
of from 2^ to 2'^, that means to say, there are some in %vhich 
no increase is detected after immunization despite these 
animals (R 31, R 34, R 55) having been immunized with 4 
injections made in the course of 10 days. In other animals 
is found a distinct though, in all these cases, rather slight 
increase. 

However, all the rabbits recorded in Table 2 after im- 
rnunization present a distinct titer elevation. The elevation 
certainly varies but it is in all the animals distinctly greater 
than in the rabbits of Table 1. 

In the columns 5 and 6 of the tables are recorded the 
titers for sheep hemolysin, which show a fundamental dif- 
ference between the two groups. A single case (R26) in 
Table 1 shows a very slight increase of titer which is, more- 
over, only detected fay a single examination shortly after the 
beginning of the immunization. In none of the other animals 
of this group is an increase of the sheep hemolysin found. 
However, in 7 of these animals the hemolysin titer is found 
to be higher after the immunization than in the normal 
serum. But that is due to the circumstance that these animals 
had previously been immunized with sheep red corpuscles 
and, hence, developed sheep hemolysin which had not quite 
disappeared when they were immunized with A blood cor- 
puscles. Since the quantity of hemolysin was not increased 
by the immunization with A blood corpuscles, and as it was 
not decreased by absorption with A blood corpuscles, it may 
be presumed that these animals have not produced hemolysin 
opposite that A antigen which is contained in sheep red 
corpuscles. 

On the other hand all the animals in Table 2 present a 
very pronounced and strong elevation of the titer of sheep 
hemolysin. 

This difference in the antibody formation of the two 
groups is still more pronounced in the last two columns 
which show the quantity of antibody opposite the A antigen 
found in the red corpuscles of some sheep only. Such anti- 
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body is extremely seldom found to be preformed in rabbit 
serum. T<. Andersen declares that he has never detected it, 
whereas it was found in one of my rabbits (R 57). This anti- 
body is produced bj’ all those animals which form a con- 
siderable quantity of A agglutinin and sheep hemolysin, 
whereas the animals of the other group do not produce it 
at all. 

Thus it can be asserted that the rabbits according to their 
antibody formation after immunization %vith blood corpuscles 
of type A can be dmded into two distinctly separate and 
almost equally large groups; The animals in the one group 
produce no or very little A agglutinin and no sheep hemo- 
lysin, whereas those of the other group produce strong 
A agglutinin as well as strong sheep hemolysin, and this 
sheep hemolj'sin consists both of antibody opposite the 
A antigen contained in the blood corpuscles of all. sheep, 
and opposite that which is only found in some sheep. 

The reason why this distinct difference has not been 
emphasized by pre^4ous authors probably is that regard is 
but seldom paid to the circumstance that the formation of 
A antibody is accompanied by sjmchronous formation of 
species-specific antibody, and that this latter may also con- 
tain sheep hemolysin. Thus, if rabbits are immunized nnth 
O blood corpuscles, the great majority of them will develop 
sheep hemolysin. Therefore it is necessary to absorb serum 
until O blood corpuscles, before the antibody corresponding 
to the A antigen is determined, for otherwise the quantity 
of hemolysin corresponding to antigen which is common to 
sheep and all human beings regardless of the blood type will 
be determined at the same time. For example in my experi- 
ments a fall of the titer for sheep hemolysin from 2^^ to 2'' 
was found after absorption with O blood corpuscles. 

As was mentioned before, almost all the animals produce 
A agglutinin, those of the one group producing but little, 
and those of the other group producing much. 


23 * 



344 


This A agglutinin is an expression of the total quantity 
of A antibody which the animal is capable of producing, 
and therefore it must, in those animals which can produce 
sheep hemolysin, consist partly of antibody opposite the 
A antigen contained in sheep red corpuscles. On the other 
hand, in those animals which cannot produce sheep hemolysin 
the A agglutinin cannot contain antibody opposite the A anti- 
gen of sheep red corpuscles. 

The experiment recorded in . Table 3 illustrates this. The 
two rabbits, R 1 and R 24, were immunized regularly for 
7 months, and the table shows experiments performed, 
partly, prior to and partly during the immunization. Obviously 
both R 1 and R 24 have produced A agglutinin after immun- 
ization. By absorption of serum i\4th blood corpuscles from 
two sheep whose blood corpuscles contain little and much 
A antigen, respectively, a considerable part of the agglutinin 
is removed in serum from R 24, whereas no agglutinin is 
removed in serum from R 1. As is seen in Table 1 and 2, R 1 
could not produce sheep hemolysin, whereas R 24 produced 
strong sheep hemolysin. 

Now it might be supposed that the difference in the 
quantity of A agglutinin, which is found between the two 
groups, were due solely to the different capability of pro- 
ducing antibody opposite the A antigen of the sheep red 
corpuscles, while there should Be no difference in the capa- 
bility of producing antibody opposite the remaining part of 
the A antigen. 

In order to detect this it was endeavoured to remove all 
the antibodies opposite the A antigen in sheep red corpuscles 
by absorbing serum with sheep corpuscles hawng as great 
an A antigen content as p.ossihle. As is evident from the 
experiment recorded in Table 3, the titer was thereby lowered 
in those animals which produced strong antibody, so consider- 
able a difference in the quantity of A agglutinin persisting 
■ however as to suggest that the various response of the rabbits 
does not only depend of the capability of producing antibody 
opposite the A antigen contained in sheep red corpuscles bu 
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also of the greater or lesser capability of producing antibody 
opposite the remaining part of the A antigen. 

As was previously mentioned, Schiff & Adelsberget 
detected that the antigen produced by immunization with 
A blood corpuscles causes precipitation in an alcoholic extract 
of guinea pig kidney; it was further demonstrated that the 
A antigen which is thus contained in guinea pig kidneys is 
identical with that contained in the red corpuscles of all 
sheep. Therefore it is natural that, after immunization with 
A blood corpuscles, only those rabbits which produce sheep 
hemolysin also produce antibody opposite guinea pig kidney 
extract. This is illustrated by the experiment recorded in 
Table 4, which shows that R 49 after immunization has 
produced strong A agglutinin as w^ell as sheep hemolysin and 
antibody which gives fixation of the complement with guinea 
pig kidney extract. R 59 on the other hand has produced weak 
agglutinin only, and neither sheep hemolysin nor complement- 
fixing antibody. 

It might be expected that the pronounced difference in 
the capability of producing antibody opposite the A antigen 
of sheep red corpuscles became manifest not only after 
immunization with human blood corpuscles of type A but 
also after immunization with sheep red corpuscles. However, 
Hirszfeld reports that he has more rarely observed rabbits 
producing A agglutinin after immunization with sheep red 
corpuscles than after immunization with human corpuscles. 

In order to clear up this question 20 rabbits were im- 
munized with sheep red corpuscles. As was anticipated all 
the animals produced strong sheep hemolysin, but in 12 of 
them part of the hemolysin could be removed by absorption 
with A blood corpuscles, and these 12 actually produced 
A agglutinin at the same time. However, this agglutinin was 
not so strong as that which is produced after immunization 
with A blood corpuscles, but that is probably due to the fact 
that immunization with sheep red corpuscles only gives nse 
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to production of A antibody opposite the A antigen of these 
corpuscles, and not opposite the total A antigen such as it 
is contained in human blood corpuscles. 

A peculiar phenomenon, which was also reported by 
T. Andersen, was observed in these experiments, namely, that 
whether sheep red corpuscles Avith much or little A antigen 
were used for the immunizations, there was only produced 
A antibody opposite the A antigen contained in the blood 
corpuscles of all sheep but never opposite that antigen Avhicti 
is contained in the blood corpuscles of some sheep only. 

For the sake of comparison these 20 animals were more- 
over immunized Avith human blood corpuscles of type A, and 
the result Avas perfect agreement, for all those animals Avhich, 
after immunization Avith sheep red corpuscles, produced 
antibody opposite the A antigen, did so, too, after immun- 
ization Avith A blood corpuscles, whereas none of the other 
animals was able to do so. 


Conclusion. 

These experiments shoAV. on the whole that, eA’’en though 
it is not Avarrantable simply to distinguish betAveen those 
rabbits which are, and those which are not, capable to pro- 
duce antibody (by far the majority of the animals producing 
a certain small quantity) , there is neA^ertheless a pronounced 
difference in the capability of rabbits to develop antibodies. 
Thus from these experiments it is evident that the rabbits 
are divided into two approximately equal groups. 

The animals of the one group produce, besides species- 
specific antibody, only a small quantity of A agglutinin and 
no sheep hemolysin. 

The animals of the other group produce, besides species- 
specific antibody, strong A agglutinin and strong sheep 

hemolysin. • .i 

The difference betAveen the two groups is most distinct y 

evidenced by the hemolysins corresponding to the A antigen 
Avhich is found in some sheep only, as these hemolysins are 
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not present naturally in the body but are only formed in 
response to immunization. In the animals of the first named 
group no antibody of this kind is formed, whereas all the 
animals of the second group produce such hemolysin with 
a high titer (2° — 2“). 


Summary. 

In order to ascertain the capability of rabbits to produce 
antibodies after immunization -wntli human blood corpuscles 
of type A, 40 rabbits were immunized with Aj blood cor- 
puscles, and 14 rabbits, with A, blood corpuscles. 

The antibody formation proved to be the same whether 
blood corpuscles of type Aj or of type A„ were used. 

According to their capability to produce antibodies the 
rabbits could be divided into two well characterized and 
almost equal groups. The animals of the one group produced 
very little, a few of them no agglutinin whatever opposite 
A blood corpuscles, and neither sheep hemolysin nor com- 
plement-fixing antibody opposite extract of guinea pig kidney. 
On the other hand, all the animals of the other group 
produced strong A agglutinin, sheep hemolysin, and com- 
plement-fixing antibody opposite extract of guinea pig kidney. 

By immunization with sheep red corpuscles quite the 
same distribution of the rabbits was found, for antibodies 
opposite the A antigen of the sheep red corpuscles were only 
produced by those animals which were able to do so also 
after immunization ^^dth human blood corpuscles of type A. 
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AUS DEM STAATLICHEN SEBTJMINSTITVT, KOPENHAGEN. 
INTERNATIONALE SALMONELLA-CENTRALE.*) 


UBER MEHRERE NEUE SALMONELLA-TYPEN. 

Von F. Kaiiffmann. 

(Eingegangen bei der Redaktion am 29. November 1940). 

In dieser Arbeit soli iiber mehrere neue Salmonella-Typen 
berichtet vverden, und zwar zunachst iiber verscbiedene Typen 
der Salmonella B-Gruppe. 


I. Typen der Salmonella B-Gruppe. 

1. Salmonella saint-paul, Edwards und Bruner. 
Antigenstruktur I.IV.V.XII. . . e,h -< — 1,2,3. . . 

Es handelt sich hierbei um einen von P. R. Edwards und 
D. W. Bruner bestimmten Typus, der aus einer von Pomeroy 
erhaltenen Kultur, die aus einer Geflugel-Leber stammte, 
isoliert wurde (zusammen mit S. anatum und S. litchfield). 
Ich konnte die von Edwards und Bruner angegebene Antigen- 
formel bestatigen. 

2. Salmonella zagreb, Kauffmann. 

Antigenstruktur IV.Y.X11. . . e,li ^ 1,2. . . 

Es handelt sich hierbei um 6 von N. Cernozubov, Zagreb, 
unter der Diagnose s>S. reading« erhaltene Kulturen, die je- 
doch von diesem Typus serologisch verschieden sind. Wie 
man aus den Antigenformeln von S. saint-paul und S. zagreb 
ersieht, beruht der serologische Unterschied zwischen diesen 
beiden T 5 "pen scat dem verschiedenen Bau der unspezifischen 
Phase, zu deren Charakterisierung v\dr das Zeichen »3«, das 

*) Diese Arbeit wurde mit finanzieller Unterstiitzung des Com- 
monwealth Fund, New York, ausgefiihrt. 
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fruher zwecks Vereinfachung aus dem Antigenschema ge- 
strichen war, wieder gebrauchen. Die Anwesenheit des I-Anti- 

gens bei S. saint-paul — im Gegensatz zu S, zagreb ist 

wahrscheinlicb. ohne Bedeutung, da man bei S. saint-paul 
mit dem Vorkommen von Stammen ohne dieses Antigen 
rechnen muss, wahrend auch umgekehrt S. zagreb-Kulturen 
mit dem I-Antigen auftreten konnten. 

3. Salmonella kaposvar, Rauss. 

Antigenstruktur IV.V.XII. . . e,(h) ^ — ^>-1,5... 

Der von K. Rauss gefundene und bestimmte Typ unter- 
scheidet sich von S. reading vor allem durch die spezifisclie 
Phase, die sich — ebenso wie die spezifische Phase von 
S. onderstepoort — von alien anderen e,h-Phasen unter- 
scheidet. Der Anwesenheit des V-Antigens konnen wir keine 
diagnostische Bedeutung beimessen, da wahrscheinlicb auch 
S. kaposvar-Stamme ohne das V-Antigen vorkommen. 

Es muss damit gerechnet werden, dass in den obigen 
Formeln nicht alle Antigendifferenzen zwischen S. saint-paul, 
S. Zagreb, S. kaposvar und ’ S. reading angegeben sind, da 
nahere Untersuchungen noch nicht durcbgefiihrt wurden. 
Hier sollte nur darauf hingewiesen werden, dass bestimmte 
Salmonella-Typen mit S. reading nahe verwandt sind. 

4. Salmonella California, Edwards, Bruner und Hinshaw. 

Antigenstruktur IV .XII. . . g,m,t. . . — . 

Im Jahre 1940 von P. R. Edwards, D. W. Bruner und 
W. R. Hinshaw aus Puten isoliert und als neuer Typ be- 
schrieben. Ich konnte die obige Antigenformel bestatigen. 

5. Salmonella arechavaleta, Hormaeche und Peluffo. 

Antigenstruktur IV. [V] .XII. . . a -< >- 1.7. . . 

Ein von E. Hormaeche und C. A. Peluffo, Montevideo, 
gefundener Typus, der von mir noch nicht untersucht wurde- 
Die Publikation von Hormaeche und Peluffo befmdet sic 
im Druck. 
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6. Salmonella altendorf, Holm. 

Antigensiruktiir IV.XII. . . c -< — -v 1,7. . . 

Ein von J. Holm 1940 bestimmter Typus, dessen Antigen- 
formel von mir bestatigt wurde. Isoliert bei akuter Gastro- 
enteritis. 

tjber die Antigenbeziehungen dieser 6 neuen Typen der 
Salmonella B-Grnppe zu bereits bekannten Typen gibt die 
Tabelle 1 Auskunft. 


Tabelle L 


Typ 

0-Antigen 

H-An 

1. Phase 

tigen 

2. Phase 

S. saint-paul 

I.IV.V.XII... 

e,h 

1,2,3... 

S. Zagreb 

IV.V.XII. . . 

. .e,h 

1,2... 

S. kaposvar 

IV.V.XII... 

e,(h) 

1,5. . . 

S. reading 

IV.XII... 

e,h 

1,5. . . 

S. derby 

[I].IV.X1I... 

f,g... 



S. essen 

IV.XII... 

g,m... 

— 

S. budapest 

[Ij.IV.XII... 

g,t. .. 

— 

S. California 

IV.XII... 

g,ni,t. . . 

— 

S. arecbavaleta 

IV.[V].XII... 

a 

1,7... 

S. altendorf 

IV.XII... 

c 

1,7... 

S. abortus ovis 

IV.XII... 

c 

1,6... 


II. Typen der Salmonella C-Gruppe. 

1. Salmonella hariford, Edwards und Bruner. 

Antigenstruktur VI^.VE.VII. . . y -< >- e,n,x. . . 

Ein von P. R. Edwards und D. W. Bruner bestimmter Typ, 
der nacli meinen Untersucliungen ammonscliwach ist. 

2. Salmonella montevideo 2, Kauffmann. 

Antigenstruktur VIj.VII. . . g,m,s. . . — . 

Bei der kulturellen Untersuchung eines liier in Kopen- 
hagen (Diagnose-Abteilung des Instituts) isolierten Monte- 
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video-Stammes fiel mir auf, dass dieser im Gegensatz zu 
alien anderen 22 untersuchten Montevideo-Kulturen Inosit 
und l-Weinsaure prompt spaltete. Es lag daher nahe, auch 
an eine serologische Abweichung zu denken, die in der Tat 
durch die nahere Analyse des 0-Antigens zu Tage trat. 
Wahrend alle iibrigen Kulturen von S. montevideo die 0-Anti- 
gene VIj^.VIj.VII enthalten, fehlt dem frisch isolierten, hiesigen 
Stamme das VI,-Antigen. 

3. Salmonella Oregon, Edwards und Bruner. 

Antigenstruktur VI^.VIII. . . d -< — 1,2,3. . . 

Bei 2 von P. R. Edwards und D. W. Bruner erhaltenen 
Kulturen Nr. 103 und 1712 handelt es sich in Bestatigung von 
Edwards und Bruner um Kulturen, die S. muenchen = 
VI.VIII. d -< — y- 1,2. . . nalie stehen, aber den 3-Faldor in der 
unspezifischen Phase enthalten. ZAvischen den beiden Stam- 
men 103 und 1712 bestehen kulturelle Unterschiede, die aus 
der Tabelle 7 hervorgehen. 

4. Salmonella manhatian, Edwards und Bruner. 

Antigenstruktur VIj^.VIII. . . d — y 1,5. . . 

Auch diese von P. R. Edwards und D. W. Bruner erhaltene 
Kultur hat — in Bestatigung der Angaben von Edwards und 
Bruner — eine von S. muenchen abweichende unspezifische 
Phase; doch sind nahere Antigenanalysen noch nicht durch- 
gefiihrt, sodass mit ■weiteren, serologischen Unterschieden, 
speziell innerhalb des komplex gebauten d-Antigens oder 
O-Antigens zu rechnen ist. 

5. Salmonella litchfield, Edwards und Bruner. 

Antigenstruktur VIj.VIII. . . l,v ■< — >- 1,2,3 . . . 

Es handelt sich hierbei um einen 1940 von P. R. Edwards 
und D. W. Bruner bestimmten Typus, der aus einer von 
Pomeroy erhaltenen Kultur, die aus einer Gefliigel-Leber 
stammte, isoliert wurde (zusammen mit S. anatum und 
S.saint-paul). Ein zweiter StamA von S. litchfield wurde von 
Edwards und Bruner unter Kulturen festgestellt, die sie 
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von G. Cooper erhalten batten, und der aus einer mensch- 
lichen Nalirungsmittelvergiftung stammte. Ich konnte die An- 
tigenformel bestatigen. 

6. Salmonella duesscldorf, Holm, 

Antigenstruktur VIj-VIII. . . z^,Z 2 ^. 

Dieser neue von J. Holm erbaltene Typ — mit der An- 
gabe, dass er das VI.VIII-Antigen und ein nicbt bestimm- 
bares H-Antigen besitzt — ist deswegen von Interesse, da er 
im H-Antigen serologiscbe Beziebungen zu S. cerro aufweist, 
sodass dieser Typus nun in das Kauffmann-White-Schema 
eingeordnet werden kann. Da ich gleichzeitig einen anderen 
neuen Typus »S. arizona<.< untersucbte, der ebenfalls zu S. 
cerro H-Antigenbeziehungen hat, so sollen die gegenseitigen 
Antigenbeziehungen dieser 3 Typen gemeinsam weiter unten 
bei S. arizona besprochen werden. 

t)ber die Antigenbeziehungen dieser 6 neuen Typen der 
Salmonella C-Gruppe zu bereits bekannten Typen gibt die 
Tabelle 2 Auskunft. 


Tahelle 2 . 


Typ 

1 

0 -Antigen 

H-Antigen 

1 . Phase 

2. Phase 

S. bareilly 

VIi.VIs.VII 

y 

1,5... 

S. harlford 


y 

e,n,x . . . 

S. mikawashinia 


y 

c,n*zi5 . . > 

S. montevideo 1 

VI1.YI2.VII... 

g,m,s... 



S. » 2 

VIi.VII... 

g.m.s... 

— 

S. muenchen 

VIi.VIII 

d 

1,2... 

S. Oregon 

9 

d 

1,2,3... 

S. manhattan 

9 

d 

1,5... 

S. litchfield 

VIi.VIII 

l,v 


S. duesseldorf 

9 

Zi,Z24 
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HI. Typen der Salmonella D-Gruppe. 

1. Salmonella onarimon, Kisida. 

AntigenstruktuT I.IX.Xn. . . v 1,2. . . 

Icb erhielt diese Kultur von S, Kisida nnd konnte auf 
Grund einer orientierenden Untersuchung die Angaben von 
Kisida bestatigen. 

Dieser Stamm, der das H-Antigen von S. paratyphi B be- 
sitzt, verhalt sieh knlturell \vie S. paratyphi B: Er vergarl 
nicht d-Tartrat und bildet typiscben Schleimwall. H. Anzai 
und H. Tsurami bestatigten ebenfalls die Angaben von S. 
Kisida und vdesen S. onarimon bei einem typhusahnlichen 
Krankheitsbilde zusammen mit Paradysenterie-Bacillen nach. 


2. Salmonella goetiingen, Hohn. 

Antigenstmktur IX.XIL . . l,v-< — >- e,n,Zjj. . . 

Es handelt sich hierbei urn einen von J. Hohn bestimmten, 
diphasischen T 5 ^us mit a-/9-Phasenwechsel, dessen Antigen- 
struktur IX. 1. . . e,n. . . von Hohn im Prinzip richtig erkannt, 
jedoch nicht vollstandig geklart war. Die genaue Formel 
IX.XII. . . l,v e,n,Zj 5 ,Zj 7 . . . vvurde von mir festgestellt. 

In der Tabelle 3 sind die Antigenbeziebungen dieser bei- 
den neuen Typen zu bereits bekannten Typen der D-Gruppe 
dargestellt. 


Tabelle 3. 


H-Antigen 


Typ 


0-Antigen 


1 . Phase 


S, sendai 
S. onarimon 


I.IX.XII... 


a 

b 


S. dar es salaam 
S. goettingen 
S. panama 


I.IX.XII... 

IX.XII... 

I.IX.XII... 


l,w 

kv 

kv 


2. Phase 


1.5.. . 

1 . 2 .. . 


e,n . . . 
e,n,Z35 . • • 
1,5... 
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IV. Typen der Salmonella E-Gruppe. 

1. Salmonella vejle, Harhoff. 

Antiffenstruktiir IILX.XXVI. e,h ■< — k 1,2,3. . . 

Von E. Mailer, Kopenhagen, 1940 bei akuter Gastroente- 
ritis isoliert und bestimmt; von N. Harhoff beschrieben. 

2. Salmonella meleagridis, Edwards und Bruner. 

Antigenstruktur IILX.XXVI. e,h-< — .. 

Dieser Typus -wurde 1940 von P. R. Edwards und D. W. 
Bruner bestimmt, und zwar an einer Kultur, die aus einer 
Pute geziicbtet war und weiterhin bei anderem Gefliigel so- 
we einem Falle von menschlicher Gastroenteritis gefunden 
wurde. Eine zweite Kultur w’urde mir spater von J. Hohn 
iibersandt, mit der Angabe, dass bier ein neuer Typ vorlag, 
dessen Antigenformel ungefahr ricbtig angegeben war. 

Beim Vergleicli dieser beiden Kulturen ergab es sich, dass 
sie im Bau des 0-Antigens nicht vollig iibereinstimmten, da 
das 0-Antigen der originalen Kultur von Edwards vom 
III.X.XXVI-Antigen etwas verschieden w’ar und sich hierin 
we S. nyborg, S. Zanzibar und S. lexington verbielt. 

Kiirzlich erhielt ich 3 Kulturen von S. meleagridis, die 
M. Tesdal aus deutscben Soldaten in Norwegen isoliert und 
bestimmt hatte. 

3. Salmonella lexington, Edwards, Bruner und Rubin. 

Antigenstruktur IILX.XXVI. — >- 1,5. . . 

Von P. R. Edwards, D. W. Bruner und H. L. Rubin 1940 
als neuer Typ beschrieben; aus den Mesenterialdriisen ge- 
sunder Schweine isoliert. Ich land, dass dieser Typ im O- 
Antigen gering von anderen IILX.XXVI-Kulturen abweicht 
und einen Sonderfalitor enthalt. 

Auf Grund einer personlichen Mitteilung ist dieser Typ 
gleichzeitig und unabhangig von Edwards, Bruner und Rubin 
durch M. Erber in Batawa festgestellt worden, da er dieselbe 
Antigenformel angab. Die von Erber angekiindigten Kulturen 
sind jedoch noch nicht in Kopenhagen eingetroffen, sodass 

24 


Acta path. Vol. XVIII, III 



358 


die Identitat dieser Kulturen mit der amerikanischen Kultur 
nicht festgestellt werden konnte. Erher schlue vor diespn 
Typ &afama« zu nennen. ’ 

4. Salmonella illinois, Edwards und Bruner. 

Antigenstruktur III.XV. . . >-1,5. . . 

Im Jahre 1940 auf Grand einer personlichen Mitteilung 
von, P. R. Edwards aus Puten und aus einem Schwein isoliert. 
Die Publikation von P. R. Edwards und D. W. Bruner be- 
findet sich im Druck.*) 

In der folgenden Tabelle 4 sind die Antigenbeziehungen 
dieser 4 Typen zu S. anatum dargestellt. 


Tabelle i. 


i 

Typ 

0-Antigen 

H-Antigen 



1. Phase 

1 2. Phase 

S. anatum 

III.X.XXV1. 

e,h 


S. vejle 


e,h 


S. meleagridis 

D 

e,h 


S. lexington 

> 

j Zjo 


S. illinois 

m.xY... 

1 

1 ZlD 

1 1,5... 


V. Typen weiferer Gruppen. 

1 . Salmonella borbeck, Hohn und Herrmann. 
Antigenstruktur XIII.XXII, I,v-< — 1,6. . . 

1940 von J. Hohn und W. Herrmann als neuer Typus 
beschrieben; aus den Faeces eines an Typhus erkrankten 
Kindes isoliert. Fine Nachprufung konnte nicht erfolgen, da 
nach Mitteilungen von Hohn diese Kultur abgestorben ist. 

2. Salmonella wichita, Schiff und Strauss. 

Antigenstruktur I.Xni.XXIII. d. . . . 

1939 von F. Schiff und L. Strauss als neuer Typus be- 
schrieben, und zwar an 3 Kulturen, die B. McKinlag bei 

■*) Das 0-Antigen von S. illinois ist von dem III.XV-Antigen vcr- 
schieden und entlialt einen Sonderfaktor. 
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einem Enteritisausbruch. unter Neugeborenen in Wichita, Kan- 
sas, isoliert hatte. Icb konnte die Antigenformel bestatigen. 

3. Salmonella havana, Schiff und Sapbra. 

Antigenstruktur I.Xin.XXIII. f,g. . . — . 

Auf Grand einer persdnlichen Mitteilung von I. Sapbra, 
New York, 1940 als neuer Typus bestimmt; von mir nocli 
nicht untersucht. Die Isolierung dieses Typus erfolgte 1937 
durch A. Curbclo, der diese Keime bei einem Ausbruch von 
Meningitis, der 21 Neugeborenc des ^Maternity Hospital« in 
Havana betraf, aus Lumbalflixssigkeit, Bint und Faeces iso- 
lierte. Samtliche Kinder starben. Die Seren von 3 Angestellten 
des Hospitals agglutinierten S. havana bis 1:150; doch wur- 
den keine Salmonella-Bacillen aus den Faeces dieser Per- 
sonen isoliert. 

4. Salmonella cerro, Hormaecbe, Peluffo und Salsamendi. 

Antigenstruktur XVHI. z_^, Z 23 ,Z 23 . 

1938 von E. Hormaecbe, C. A. Peluffo und R. Salsamendi 
als neuer Typus beschrieben, aus den Mesenterialdriisen ge- 
sunder Schweine und aus deni Menseben isoliert. Auf Grund 
des kulturellen Verhaltens wurde der Stamm als wahrschein- 
licher Angehoriger der Salmon ella-Gruppe angesehen, jedoch 
nicht in das Kauffmann-Wbite-Sebema eingefiigt, weil keine 
Antigenbeziehungen zur Salmonella-Gruppe nacliweisbar wa- 
ren. Icb gab die Form el mit XVIII. z^ an. 

1940 konnte icb fast gleichzeitig 2 verschiedene neue Ty- 
pen: S. duesseldorf und S. arizona untersuchen, die mit S. 
cerro gemeinsame H-Antigene besitzen. Da S. duesseldorf die 
VI.VIII-Antigene enthalt, so steht der Einordnung von S. cerro 
und S. arizona in das Kauffmann-Wbite-Sebema nichts mehr 
im Wege. Die nahere H-Antigenanalyse wrd bei S. arizona 
erortert. 

5. Salmonella urbana, Edwards und Bruner. 

Antigenstruktur XXX. b -< >- e,n,x. . . 

1940 von P. R. Edwards und D. IF. Bruner als neuer 


24 - 
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Typus beschrieben (im Druck). Ich konnte die Angabea von 
Edwards und Bruner bestatigen und stellte fest, dass S. urbana 
ein auf S. h'wttingfoss iibergreifendes O-Antigen besitzi, das 
jedoch schwacher als das Hauptantigen XXX entvdckelt isl. 

6. Salmonella arizona, Kauffmann. 

Antigensfruktur XXXIII. 

Im Jahre 1939 beschrieben M. E. Caldwell und D. L. Ryer- 
son in ihrer Arbeit » Salmonellosis in certain reptiles« eine 
Kultur unter dem Namen ■)>Salmonella dar es salaam, variety 
from Arizona«, die fiir »horned lizards (Pbrynosoma solare), 
Gila monsters (Heloderma suspectum) und chuckawalla (Sau- 
romaius ater ) « sowie fiir Meerscbweinchen und Kaninchen 
pathogen war. Da diese Kultur sich in kultureller Hinsiclit 
abniich ■wie S. dar es salaam verhielt — sie verfliissigte auch 
langsam Gelatine, war aber in Dulcit negativ — und in Sercn 
von S. dar es salaam, S. reading und S. newport agglutinierte, 
so wurde sie ohne nahere Antigenanalyse als zu S. dar es 
salaam gehorend betrachtet. 

Ich erhielt diese Kultur von M. E. Caldwell und bezeichne 
sie im folgenden als »S. arizona«, da es sich hierbei um einen 
neuen serologischen Typus handelt, der unter Beriicksich- 
tigung des Kauffmann-White-Schema keine serologischen Be- 
ziehungen zu S. dar es salaam besitzt. Die kulturellen Unter- 
schiede zwischen S. dar es salaam und S. arizona gehen aus 
der Tabelle 7 hervor, die zeigt, dass S. arizona langsam (nach 
ca. 2 Wochen) und unregelmassig Lactose spaltet — im Ge- 
gensatz zu S. dar es salaam. Hiermit ist also ein weiterer 
lactosespaltender. Salmonella-Typ bekannt, nachdem ich zu- 
erst bei einem Stamme von S, anatum die Lactosespaltung 
nachwies und in einer vorhergehenden Arbeit uber verschie- 
dene »Salmonella coU«-Typen, die Lactose spalten, berich- 

tete. . . 

In serologischer Hinsicht verhielt sich der Stamm »An- 
zona« schwach rauh und gab keine stabile Suspension in 
Alcohol. Dagegen waren die Aufschwemmung lebender Ba- 
cillen in 0,9 % NaCl-Losung und die gekochte Bouillonkultur 
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stabil. Die lebende und gekochte Kultur agglutinierten in 
verschiedenen Salmonella-Seren, und zwar vor allem in sol- 
clien, die Rauh-Antikorper enthielten, z. B. in den beiden 
H-Seren c und d der Intemationalen Salmonella-Centrale, die 
mit Rauh-Kulturen hergestellt waren, und in den beiden 
Typhus Vi-Seren, die mit den Kulturen »6 S« und »Vi I« 
hergestellt waren. Da die Arizona-Kultur weder die H- Anti- 
gene c und d noch das Vi-Antigen enthielt, so miissen diese 
Reaktionen als Rauh-Agglutinationen betrachtet werden, zu- 
mal keine gemeinsamen glatten 0-Antigene vorhanden waren. 

Es geht aus diesem Beispiele hervor, dass es sehr bedenk- 
lich ist, diagnostische H- und Vi-Seren mit Rauh-Formen 
herzustellen, da es hierdurch leicht zu Fehldiagnosen kom- 
men kann. Da wir namlich iiber die zweifellos sehr komplexe 
Natur der Rauh-Antigene und -Antikorper noch sehr unge- 
niigend orientiert sind, so konnen wir nicht durch Absorp- 
tion mit bestimmten Rauh-Kulturen alle Rauh-Antikorper, 
z. B. aus Vi-Seren, mit Sicherheit entfernen. 

Ich mdchte daher auf Grand dieser praktischen Erfah- 
rungen, die sich nicht nur auf S. arizona, sondern auch auf 
andere Kulturen erstrecken, empfehlen, alle diagnostischen 
Seren nur mit Glattformen herzustellen. 

Die serologische Analyse von S. arizona wurde mit Hilfe 
von H-Seren, 0-Seren und von Seren, die durch Immunisie- 
rung mit lebenden Bakterien hergestellt waren, durchgefuhrt. 
Bei der Immunisierung mit lebenden Kulturen ermes sich 
S. arizona als hoch pathogen fiir Kaninchen, da trotz vor- 
sichtiger Dosierung mehrere Kaninchen starben. Ein Vi-Anti- 
korper konnte in diesen Seren nicht nachgemesen werden. 

S. arizona besitzt ein neues 0-Antigen XXXIII, das zum 
IX-Antigen keine Beziehungen hat. Das H-Antigen ist komplex 
gebaut und hat zu S. cerro und S. duesseldorf nahe Bezie- 
hungen, die in den folgenden Formeln ausgedruckt sind: 

S. duesseldorf= VI. VIII. z^,z,^. 

S. cerro = XVIII. z^,Z 2 ^,Z 2 ^. 

S. arizona = XXXIII. z^,Z 2 ^,Z 2 ^. 
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Ein Phasenwechsel konnte bei diesen 3 Typen bisher nicht 
nachgewiesen werden; doch warden keine Versuche unter- 
nommen, durch Ziichtung auf H-Immunserum enthaltenden 
Nahrboden einen Phasenwechsel herbeizufiihren. 

Die H-Antigenstruktur dieser 3 Typen wurde durch Ab- 
sorptionsversuche nnd Reagensglas-Agglutinationen feslge- 
stellt, die in der Tahelle 5 wiedergegehen sind. 


Tabelle 5. 

Ergebnisse der R-Eeagensglas- Agglutination. 
H-Immunseren. 


Agglutination 
mit Kultur 

S. duesseldorf 

S. cerro 

s. 

I arizona 

nicht 1 

absorbiort mit 

nicht 

absorbiert mit 

nicht 

absorbiert mil 

absor- 


. S. ari- j 
zona 1 

absor- 

S. dues- 
seldorf 

S. ari- 
zona 

absor- 

|s. diies- 
[setdorfl 



biert 

S. cerro 

bierl j 

bierl 

is. cerro 

1 

S. duesseldorf 

6400 

M 


800 


m 

1600 

1 1 

<50 1 

<50 

S. cerro 

800 

■n 

<50 

3200 



3200 

800 

<50 

S. arizona 

800 

m 


3200 



12800 

1 

6400 

3200 


Ober die Antigenbeziehungen dieser 6 neuen Typen zu 
bereits bekannten Typen gibt die Tabelle 6 Auskunft. 


TabeUe 6. 


Typ 

0-Antigen 

H-Antigen 

1. Phase 

1 2. Phase 

S.poona 

S. borbeck 

S. Worthington 

S. Wichita 

S. havana 

XIII.XXII. 

xiii.xxii. 

Lxiii.xxm. 

I.XIII.XXIII. 

I.XIII.XXIII. 

Z. . . 

•l,v 

1.W 

d... 

1,6... 

1,6... 

z. . . 

S. cerro 

XVIII. 

Z4,Z23,Z25 

— 

S. urbana 

XXX. 

b 

e,n,x... 

S. arizona 

XXXIII. 

Z4,Z23)Z25 

— 
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Ober das kulturelle Verhalten der oben genannten Typen 
gibt die Tabelle 7 Auskunft. 


Tabelle 7. 


i 

S. 

saint- 

paul 

s. 

Za- 

greb 

s. 

ka- 

pos- 

var 

s. 

rea- 

ding 

s. 

rea- 

ding 

Z* 

s. 

Cali- 

fornia 

s. 

alten- 

dorf 

Zahl der Stamme 

n 

6 

B 

2 

1 

1 

1 

Adonit, Lactose, Sac- 
charose, Salicin 

30 

SO 

30 1 

so ' 

30 

30 

1 

SO 

Indol 

m 

B 

B 

~ 

— 

— 

— 

Arabinose, Dextrin, 
Dextrose, Diilcit, Man- 
nit, Maltose, Sorbit, Tre- 
halose, Xylose, HaS 



+' 





Inosit 


80 

__30 



1 


Rhamnose 


V 


X 


1 


Gelatine 

GO 

1 60 

1 

CO 

i 60 

1 

60 

CO 

60 

Stern Glycerin 

++"■ 

+4^ 

B 

B 



++= 

d'Tartrat, Na-Citrat, 
Mukat 






i 

1 

l-Tarlrat 
i- 5 


i 

_14 

1 3^ 

1 

__14 

X 

14 

1 

__14 

14 

Simmons Agar mit Ara- 
binose, Dextrose, Dul- 
cit und Na-Citrat 

+ 

+ 

+ 

i 

+ 

1 

1 + 

1 

i 

i + 

i 

+ 

Simmons Agar mit 
Rhamnose 

+ 

1 

+ 

+ 

■ 

+ 

1 

+ 

+ 


*) Ob der mit »Z« bezeichnete Reading-Stamm aus Zanzibar mit 
S. reading serologisch identisch ist, kann noch nicht gesagt werden. 
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Tdbelle 7 Fortsetzung. 




s. 

mon- 

tevi- 

deo 

1 

s. 

mon- 

tevi- 

deo 

2 

1 

s. ; 

rauen- 

chen 

. 1 

s. 

Ore- 

gon 

103 

s. 

Ore- 
gon 
[ 1712 

s. 

man- 

hat- 

tan 

s. 

litch- 

fielcl 

s. 

dues- 

sel- 

dorf 

Zahl der Stamme 

H 

22 

B 

11 ' 

B 

1 

I 

1 

2 

2 

Adonit, Lactose, Sac- 
charose, Salicin 

30 

30 

1 

1 

i 

1 

SO , 

__30 , 

_S0 

_30 

1 

_30 

__30 

Indol 

B 

B 

B 

— 

B 

B 

_ i 

— 

- 

Arabinose, Dextrin, 
Dextrose, Dulcit, Man- 
nit, Maltose, Rham- 
nose, Sorbit, Treha- 
lose, Xylose, HsS 

1 

4"^ 

j 

j 

1 

1 

i 

V 1 

1 

1 



1 

+' 

Inosit 

1 

so 

so 



1 1 

+ 1 



_30 

50 

Gelatine 

60 

GO 

__60 

CO 

' — ^ 



__Ki 


Stern Glycerin 





8 

1++^ 




d-Tartrat 

1- * 
i- » 

Na-Citrat 

Mukat 

+ 2 - 3 ! 

V i 

X 

• 14 

i 

^14 

1 

I 

1 

X 

' +' 

1 2-3 

+: 

+ 


+’ 

_|_ 3-5 

X 

Simmons Agar mit 
Arabinose, Dextrose, 
Dulcit, Rhamnose, Na- 
Gitrat 

1 

+ 

4" 

4~ 

+ 

i 

! + I 

i 

' 1 

+ 

+ 

+ 
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Tabelle 7 Fortsetzung. 



S. 

s. 

S. 

s. 

s. 

s. 


s. 

s. 


ona- 

goel- 


lex- 

wi- 


urba- 

arizo- 


rimon 

tingen 

vejle 

agn- 

dis 

ing- 

ton 

chita 

1 


i 

1 na 

i 

na 

Zahl der Stamme 

1 

1 

: 1 

5 

n 

2 

2 

1 

1 

Adonit, Saccharose, 
Salicin 

SO 

30 

^30 

30 

_30 

30 

SO 

; 30 

1 

30 

Lactose 

so 

30 

! 30 

30 

30 

30 

_30 

30 

X 

Indol 

— 

1 

— 

— 

— 

— 


- 

— 

Arabinose, Dextrin, 
Dextrose, Mannit, Mal- 
tose, Rhamnose, Sor- 
bit. Trehalose, Xjdose, 
HaS 


1 

1 

1 



1 



' 


Dulcit 










Inosit 

+‘ 

30 

1 




_so 

30 



Gelatine 

_eo 

60 

60 ' 

60 

__co ■ 

_«) 

___60 

__60 

-+ 

Stern Glj'cerin 

++' 

++“ 

4 . 4.2 

++2 






d-Tartrat 

14 ; 







4,1 


1 - * 




-f' 




1 5-G 


i- > 


14 


^ 3-4 

_14 



14 


Na-Citrat 










Mukat 










Simmons Agar mit 
Arabinose, Dextrose, 
Na-Citrat 

1 

+ 

+ 

+ 

+ 

! 

+ 


+ 

1 

+ 

Simmons Agar mit 
Dulcit 

+ 

+ 

+ 

+ 

[ + 

4- 

+ 

+ 


Simmons Agar mit 
Rhamnose 

+ 

+ 

+ 

+ 

1 

! + 


+ 

— 

+ 


Zeichenerklarung: 

= positiv nach 1 Tage; = positiv nacli 3 — 4 Tagen; 

— = negativ nach 30 Tagen; X = spat und unregelmassig posi- 
tiv, oft negativ. Bei Stem Glycerin: -f-f- = lila nach 2 Tagen. 
Bei Gelatine; — h = langsam verfliissigend. 

Samtliche Kulturen bildeten Gas aus Dextrose und Mannit. 
S. onarimon hildete typischen Schleimwall. 
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Zusammenfassung: 

Es werden serologische und kulturelle Untersuchungen an 
mehreren neuen Salmonella-Typen mitgeteilt. 
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DESTRUCTION OF GROUP ANTIGENS 
BY ENZYMES. 

By Grethe Hartmann and Jul. Hartmann. 

(Received for publication December, 2nd 19-40). 

I” Introduction. 

In 1931 Schiff (6 — 7) discovered that a regular, spon- 
taneous destruction of the group antigen present in saliva 
and feces took place at a temperature of 37“ C. So far, how- 
ever, the question has not been settled whether this destruc- 
tion is due, in the main or even exclusively, to bacterial 
enzymes or to an enzyme produced b^' the organism itself. 
Two conceptions have been suggested. In the first instance 
Schiff (8) and his co-workers have held the wew that the 
phenomenon is due to organic enzymes. The folloudng ob- 
servations speak in favour of this conception. 

1) It is possible to obtain saliva with a considerable amount 
of cells and antigen destroying enzymes »Blutgruppenfer- 
ment«, by energetic mastication directly after rinsing the 
mouth. 

2) The »Blutgruppenferment« can be shown in the mucous 
membrane of the stomach from persons of normal acidity 
although no trace of enzyme is found in the gastric juice of 
such persons. 

3) Saliva provoked by irritation of the parasympathicus (pi- 
locarpine) contains very little enzyme as against saliva 
provoked by irritation of the sympathicus (adrenalin). 
Opposed to Schiff’s views is the conception maintained 
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particularly by Witebsky and by Sievers, according to ^vhich 
the destruction is due, at any rate chiefly, to bacterial en- 
zymes. The follo^ving arguments may he put for%vard in 
favour of this interpretation. 

1) The »Blutgruppenferment« cannot be identified with any 
known digestive enzymes. ( 11 — 9 ). 

2) The destruction of the blood group antigen is accelerated 
if certain nutritive substances (Witte’s peptone or bou- 
illon) are added to the mixture of antigens and enzymes 
( 12 — 10 ). 

3) Transfers through a number of identical nutritive sub- 
stances is possible. However, a greater quantity of the 
sample in question is required than is normally necessary 
for the transfer of bacteria. (12 — 10). 

4) Further it may be noted that a number of bacteria are 
able to destroy the group antigens. This holds good of 
the Welsh-Frankel bacillus, the Lamb bacillus of dysen- 
tery, the bacillus owtoxicus (5 — 3) and certain bacteria 
dissociating carbohydrates viz. myxococcus Morgan-Thaij- 
sen and saccharobacterium ovale (Landsteiner 4). 

The question as to the part played by bacterial enzymes 
in the spontaneous destruction of the group antigens could 
obviously not be settled on the basis of the earlier invest- 
igations. It was, however, evident that in the investigations 
on the effect of the enzymes of the organs proper on the 
antigens the bacterial enzymes were likely to falsify the re- 
sults. For instance it would seem probable that this source 
of error has played an essential part in Schiff’s investigations 
on the enzymes in the mucous membrane of the stomach. 
W. Henle (2) has examined whether a difference could be 
traced in the effect on the destruction of group antigens of 
the enzymes in saliva from the so-called secreters and non- 
secreters. The result was negative. This does not, however, 
prove that there is no difference in the content of enzymies, 
for instance of the salivary glands, seeing that such a dif- 
ference might be masked by bacterial enzymes in the non- 
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sterilized salivas. The question about a difference in the 
content of enzymes within the two types \\dll he considered 
in the followng. 


2° The Method used for the Determination of the Antigen 

Concentration. 

In the examinations below salivas from secretcrs of group 
and B were used as test material for the effect of the group destroy- 
ing enzymes. For the measurement of the antigen concentration in 
the salivas the agglutination inhibition method was employed in 
the following form: Two series of small test tubes were used in 
the determination of the antigen content of each sample. Into the 
first tube of each series 0.1 cc was introduced of the original antigen 
solution, (concentration 1), in the second 0.1 cc of a concentration Yo. 
in the third 0.1 cc of a concentration = V 2 "> ™ the fourth 0.1 cc 
of a concentration ’■/s = etc. Thus in the tubes no. n 0.1 cc 

■of an antigen solution of concentration was inserted. Here- 

after 0.1 cc of a serum anti-A was entered into all the tubes of 
one of the two series while 0.1 cc of a serum anti-B was added to 
the content of all the tubes of the other series. Thus, after this 
operation, the antigen concentrations in the tubes of each of the 

two series were — Vo- — lu the 

following experiments the same isosera (anti-A = Ulla Vie; anti-B 
= Claus ^/lo) were employed throughout the investigations. These 
two sera proved rather constant as to the strength. After the intro- 
duction of the serum the test tubes were kept at about 20® C. for 
an hour when washed blood corpuscles of group Aj and B were 
added, the A^ blood corpuscles to the test tubes with serum iso- 
anti-A, the B blood corpuscles to the test tubes with serum iso- 
anti-B. After two hours the tubes were shaken. In one of the two 
series agglutination is seen to take place in all the tubes while in 
other agglutination occurs only in the tubes following a certain 
number n (provided that saliva of group Aj^ or B onlj’' are con- 
sidered). The number n is taken as a measure of the antigen con- 
centration in the original antigen solution (the saliva) and is termed 
the titer reading for this solution. It may be noted that n is the 
power of 2 in the expression for the antigen concentration in the 
tube no. n after the addition of serum. 
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3° Blood-Group-destroying Enzymes in the Submaxillanj 

Glands. 

We now proceed to consider some experiments on the 
content of blood-group-destroying enzymes in organs. In the 
experiment an initially sterile material was absolutely essen- 
tial in order to avoid interference with bacterial enzymes 
originally found in the material. For this reason the gastric 
mucosa were left out of consideration and the submaxillarj' 
gland from corpses unthout infections (death caused by ac- 
cidents) was chosen. The following dissection technique was 
employed. 

After application of iodine to the skin a cutaneous cut 
is made with a sterile knife parallely to the mandible and 
down along the front of the throat. The skin is turned aside 
and with another sterile knife and a tw^eezer the gland is 
removed. The gland is cut into small pieces and two grams 
of the mass is introduced into a test tube containing 2 cc 
of boiled and sterile saliva and kept at 37® C. As a check 
on sterility, especially %vith regard to anaerobies which 
bacteria — according to previous investigations {Schifp — 
Kosiuch^ — Hartmann^) — would seem to be particularly 
rich on the enzyme in question, a small portion of the content 
of the test tube is added to cystein-agar likewise kept at 
37® C. At intervals of 24 to 48 hours the antigen concen- 
tration in the saliva is measured by the agglutination inhibi- 
tion method. For the sake of comparison, pure boiled saliva 
kept at 37® C. without organic mass is simultaneous examined 
in the same way. Figs. 1 a— d show the results of the mam 
tests. (Saliva with submaxillary gland). 

Those samples only are considered which preserr^ed com- 
plete sterility, as tested by cystein-agar, for at least 6 days. 
Two samples of the submaxillary gland from non-secreters 
of group A, were tested, one of the samples, fig. 1 b, in con- 
nection vvith two, the other, fig. 1 c, in connection with three 

different salivas of group B. 

In addition four samples of the submaxillary gland rom 
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Saliva J. H. Group 8 

+ 61 Submaxillarts R.l. 100 Secrefer. Group 4 ^ 



Gl. Submaxillaris. R. I. 179 Group 4 ? 



Fig. 1b. 
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G/. Submaxillaris. R. I. 102 Group Af 



Qi SubmaxiUaris E. 26 Group 0 



Fig. id. 
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sticreters of group Aj were tested wth a certain saliva of 
group B, fig. 1 a, and finally one single submaxillary gland of 
group O was tested with the latter saliva and further with a 
saliva of group A^, fig. 1 d. Tlie figures show smoothed-out 
curves representing the decrease of the antigen content in the 
course of time under the influence of the submaxillary gland. 
The decrease is much the same whether the submaxillarj' gland 
comes from a secreter or a non-secreter. Actually greater 
variations are found between the separate curves in the case 
of secreters than between the average curves for secreters 
and non-secreters. It appears from the curves that there is 
no basis for the assumption of a difference between the two 
types, secreters and non-secreters, as to the content of a blood- 
group-destrojnng enzyme in the submaxillary gland. 

The comparativelj' regular shape of the cun’es representing 
the reduction in the course of time of the antigen content 
in salivas under the influence of the organic enzymes and, 
further, the great resemblance which these curves bear to 
each other, suggest a simple process behind the observed 
changes. We wll try to form an idea of this process. We 
shall imagine the reduction of the antigen content to be due 
to the destructive action of enzymes from the organ introduced 
into the saliva. We shall assume that initially the antigen 
has a concentration Cq and the enzymes a concentration 
Further it is assumed that the enzymes vanish in the course 
of time according to a formula typical of such a reduction, 
wz. 

(1) Z = 


Figs, ia — d. 

Curves for the destruction of Group Antigen in Saliva under the 
Influence of Enz 5 ’mes from the Submaxillary Gland: a) Saliva, 
Group B, with Submaxillarics from Secreters of Group Aj. b) Sal- 
ivas, Group B, with Submaxillaris from a Non-Secreter of Group Aj. 
c) 3 Salivas, Group B, with Submaxillaris from a Non-Secreter of 
Group Aj. d) Salivas, Groups Aj and B, with Submaxillaris from 
a Person of Group 0. 


Acta path. Vol. XVIII. HI 
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where a is a constant and e the base of the natural logarithms. 
Finally the assumption is made that the rate at which the 
antigen concentration C is reduced is at any moment pro- 
portional to the product of the values of C and Z obtaining 
at that moment. This assumption is expressed analytically in 
the equation 

<iG 

(2) = kCZ. 


Introducing Z from (1) into (2) this equation may be written 


— at 

= — kZ„e dt. 


Integration of (3) gives 

/ j \ 1 — 


or what amounts to the same thing 

kZo —at 
C — T" 

(5) ~ = e “ 


Translating now 


to titer readings n by means of the relations 


we may write (5) as 


kZ — “t 
(e 

. « 


— at 
-e )• 


which, again, may be written 
(7a) n = n, = 

Kg, 2 is, now. to explain how the 

fornmla (7J is tol give" experimental curre. 

given hy (7.) mus be fitted to given ^ 

,n the uppermost systeru “"'o in the 

ITeof iStere.Turr in «.e same system the curve 
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1 — e is represented. The way in which it is constructed 
is obvious. Hereafter we shall imagine all the ordinates of 

the latter curve to be multiplied by A = From the new 

nle2 

ordinates the lower cuiu'c in the lower system of coordinates 



Time 


Figs. 2a — b. 

Nature of the Curve used for r-epresenting the Destruction of Group 
Antigens by organic Enzymes. 


is drawn. It thus represents A(1 — i. e. the second 
term on the right hand side of formula (7„). Finally the 
ordinates of the latter curve are subtracted from the line 
n = n<,. The cur\’c produced in this way is that represented 
by (7a), thus the curve for the decay of the antigen con- 
centration expressed in exponential titers n. Now in the actual 
case the experimental curve for the decay is given and we 
have to examine whether it can be represented by a curve 
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of the type — A (l-e-«t). The problem is then to 

determine the three constants n„, A and a from the ex- 
perimental curve. When this has been done the cuive re- 
presented by the formula may readily be calculated and 
compared with the experimental curve. The determinations 
of the constants may be performed in the folloxslng way. In 
the first instance the values of Uo to be used in the formula 
is appropriately chosen as the initial ordinate of the ex- 
perimental curve. This means that we shall let the theoretical 
curve start at the same titer reading as the experimental 
curve. Then, if we are able to estimate the ordinate of the 
horizontal asymptote to which the experimental curve ap- 
proaches we have immediately A, for the asymptote should, 
as seen from fig. 2, be the distance A below the line n = n,,. 
It remains to find a.. This is done by determining the slope 
of the experimental curve at its uppermost point n = no. 
The slope of the curve represented by (7a) is 


Hence, at the point t = o,— — Aa. The slope of the ex- 

dt 

perimental curve is found by draxving the tangent to the 
curve at its uppermost point. If the tangent cuts the axis 

of abscissa in the point t^ then, fig. 2, the slope is — . Iden- 

^0 

tifying this slope xxdth — Aa we find a, seeing that A was 
already known. Hereafter all three constants of the formula 
(7a) are determined. It xvill now be gathered that they 
have been chosen in such a way that the theoretical curve 
1) passes through the same starting point no as the ex- 
perimental, 2) has the same tangent in this point as the 
latter curve, 3) has the same horizontal asymptote as this 
curve. In order to ascertain how closely the theoretical curve 
fits the experimental curve a suitable number of values arc 
given to t and the corresponding values of n are calculated 
from (7a ) after the introduction of the values for Oo, A an 
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Submaxillaris. Secrelers 



Submaxillaris. Non-Secrelers. 



Fig. 3b. 
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Submaxillaris. Group 0 



Figs. 3a — c. 

Average Curves sliowing the Destruction of Group Antigens in 
Saliva under the Influence of: a) Submaxillaries from Secretcrs, 
b) Submaxillaries from Non-Secreters and c) Submaxillaris from 
a Person of Group 0. 

a found as described above. The values of n are plotted 
against t in the same system of coordinates in which the 
experimental curve is drawn. If the latter curve can be re- 
presented by the formula the theoretical points should coin- 
cide or nearly coincide with the experimental curve. In order 
to try this average curves were derived from the direct ob- 
servations. These curves are shown in figs. 3 a — c together 
with the corresponding theoretical curves. 

It is seen that the curves draxvn on the basis of obsen-ations 
can actually, with almost astonishing exactness, he pictured 
by formula (7a) which represents our theory of the process 
of antigen destruction by organic enzymes. This fact would 
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seem to render it practically certain that the conceptions 
upon which this theorj' is huilt up are suhstantiallj’ true. 

It was stated that in the tests considered in figs. 1 a — d 
those samples onlj' were utilized which kept sterile through- 



Fig. i. 

Destruction of the Group Antigen in Saliva when infected by 
Bacteria of Putrefaction. 

out the period of the experiment in question. Complete sterility 
was hardly to be reckoned with even with very careful treat- 
ment. After the lapse of about a week a minute growth of 
bacteria could as a rule be traced, though it had no per- 
ceptible influence on the further course of the process. In some 
of the tests, however, a pronounced development of bacteria 
of putrefaction was seen in the course of the first 24 — 48 
hours. The presence of these bacteria completely changed 
the conditions in as much as a rapid and complete destruc- 
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tion of the group antigens took place in: such cases. This 
destruction is illustrated in fig. 4. The great part played in 
the blood group destruction by bacteria as compared with 
that of the organic enzymes proper is obvious. 


4° Blood-Group-destroying Enzymes in the Quadriceps Muscle. 

Finally a few tests were made with a non-glandular organ 
in order to find out whether the antigen-destroying enzymes 
are distributed throughout the organism or are found in 
those organs only which as the submaxillary gland contain 
an ample amount of group antigens. A muscle (the qua- 
driceps) was chosen because this organ has neither any 
secretion nor a high antigen content. Two samples, one from 
a person of group O and another from a person of group 
Aj were examined as to their antigen destroying effect, v.'ith 


M. Quadriceps. R. I. 1. Group 0 



Fig. 5a. 
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M. Quadriceps. R.l. 5. Group 



Fig. 5b. 

Figs. 5a — b. 

Curves for the Destruction of Group Antigen in Saliva under the 
Influence of Enzymes in the Quadriceps Muscle; a) Saliva, Group Aj 
with Quadriceps, Group 0. b) Saliva, Group B with Quadriceps, 

Group Aj. 


salivas from two indmduals, one of group Aj and the other 
of group B. As wdll appear from figs. 5 a — b a similar, though 
perhaps a somew'hat slighter effect than that found wuth 
the submaxillarj' gland was established. 

In fig. 6 the average of two of the curves is shown. The 
cun'e may' be represented by an expression of the same form 
as was used to picture figs. 3 a — c. Points calculated from 
the expression in question arc marked out in the figure. 
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M. Quadriceps. Group A, 



Fig. 6. 

Average Curve showing the Destruction of Group Antigen in Saliva 
under the Influence of Enzymes from the Quadriceps INIusde. 


5° Investigations on the spontaneous Destruction of the Group 
Antigens in Saliva. 

It was found of interest to supplement the investigations 
now recorded Avith some observations on the spontaneous de- 
struction of the group antigen in saliva. If recently secreted 
saliva Avhich is not made sterile by boiling or by any other 
means is kept at 37° C. all the group antigen is, as a rule, 
destroyed in less than 24 hours. At the same time a rich 
culture of bacteria will develop, as established by micro- 
scopic tests or even by the smell. If, on the other hand, the 
saliva is boiled, it may retain its original content of antigen 
for more than a month at least. It would seem that the de- 
struction has some close relation to the development of bac- 
teria, seeing that samples which keep relatively free from 
micro-organisms exhibit a slow destruction (complete break- 
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Table I. 

Syontaneous Destruction of Blood Groicp Antigen in Saliva 
at 37° Celchts. 

a Hours 



HHHV 


B 

48 

72 

B 

120 

Henrj’ 

Ai 

11 


11 

5 

1 

Lise 

A, 

10 


10 


1 

0 

Karl 

B 

10 


9 


0 


Erik 

Ai 

10 

10 

<5 

0 ■ 


B 

5 

5 

B 




Robert 

B 

9 

9 

■1 

0 



Alice 

Ai 

3 

3 

1 




Sven 

Ai 

9 

9 

6 

5 


1 

Yrsa 

Ai 

9 

8 

1 

0 



Inge 

Ai 

11 

2 

0 




Aage 

Ai 




■niifiH 


Johan 

Ai 

8 

8 

H 

HIQIII 



Markus 

Ai 

11 

11 


1 

0 


Ole, boiled 

Ai 

10 


10 



10 


< Titers > 


down in the course of up to a week) while such as develop 
plenty of bacteria show a more rapid decay. 

Instances of the normal destruction are given in Tab. I 
and in figs. 7 a — d. It will be noted that the square of the 
time has been chosen as abscissa in the figures, while the 
ordinate is the ratio of the titer reading n in question and 
the initial titer reading n^. With the said abscissa the smoo- 
thed-out curves are straight lines radiating from point 1 on 
the axis of ordinates. The only exception from the straight 


































































Figs. 7a — d. 

Spontaneous Destruction of Group Antigen in Saliva: Abscissa: Square of the Time, Orciinatc; 
Titer Reading measured with Initial Titer Reading as Unit. 
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line was found in the case of a ver 5 ^ slow' decay. An example 
is seen in fig. 7^ curve a, corresponding to a very »pure<t 
saliva treated w'itli toluol, which has always the effect of 
retarding the decay. This fact is illustrated in the figures 
from w'hich other information also may be gained. Thus it 
is seen that the rate of decay of saliva samples from different 
days may vary greatly. In figs. 7i, and 7^ curves b and c 
correspond to the same saliva sample, w’hile curve a cor- 
responds to saliva from another day. 

The curs'es picturing the spontaneous decay of the group 
antigen in saliva are still simpler than those representing 
the effect of the organic enzymes, at least %vhen drawn in 
the w'ay indicated above. They undoubtedly reflect a process 
of equally simple structure. An attempt will now be made 
to form a picture of this process in the shape of an analytic 
theorj'. The conceptions on which the proposed theory arc 
based are 1) that the destruction of the antigen is due to 
enzymes produced by bacteria in the saliva; 2) that the 
content or concentration of bacteria B increases in the course 
of time, from a minute amount to a stationary concentration 
according to the law”. 


( 1 ) 


-A. 


B = (1-e " ) 

w'here e is the base of the natural logarithms and )5 a con- 
stant; 3) that the rate at which the antigen vanishes is at 
any moment proportional both to the antigen concentration 
C and to the bacteria concentration B prevalent at that mo- 
ment. This conception is expressed by the equation: 


(2) . BC. 

dt 

If the expression (1) for B is introduced into (2) this equa- 
tion may be w'ritten: 

(3) = 

The integral of (3) is: 

(4) 1, (-^) = - ki B,« + 7 

tiQ P 
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where is the initial concentration and the logarithm 
with the base e. With sufficiently small values of t we imv 

replace e ^ by the three first terms of its series develop- 
ment, i. e. \ve may write; 

/CN —At 1 

(5) e =1-^1+ ~ (^t)2. 

If this expression is introduced into (4) we get 


(4a) 




ki B, 


2 


or what is the same thing: 


(4b) S_ ^ • t2 ^ ^-yt2. 

^0 

The assumption underlying the expressions (5), (4a) and 
(4b) means that the increase of B may, throughout the pro- 
cess of destruction of the antigen, be pictured by the formula: 

(6) B = Bco At (1 - At) 

or that the said process covers only the first part of the 
growth of the bacteria colony. It may be that it covers a 
greater part of the growth when more terms of the series 
development should be employed. If two more terms are used 
formula (4b) is replaced by: 

(4c) = e “ “ I + 12 • 

Co 

If it covers the complete gro^\i;h of the bacteria colony to 
the final steady state then it follows from (4) that 


1 iSt 

(4d) C _ A^^ ~ 

C„ 

Returning, now, to the simplest case represented by (4b) and 
replacing the C coordinate with the titer reading n by means 
of the relation:. 

jC 

Co " 


(7) 


n — no 
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we get instead of (4b) : 

( 8 ) 

(8a) 

(8b) 

(8c) 


n — n. 


= e 


■/12 


"o — ~ 1 2 ’ *■ 


n = (1 


n I 


■ 12 ) 


n 

n„ 


1 — cl- w’hcre 


or 

or again 
or 

£ is a constant. 


Hence, if is plotted against t- the cur^'e found should be 

“o 

a straight sloping line starting from — = 1. So it is seen that 

"o 

the theory predicts just the sort of curve which is actually 
found. 


6® Conclusions. 

Our experiments on the spontaneous destruction of group 
antigen in saliva would seem to throw light on the question 
whether this destruction is due solely to bacterial enzymes 
or partially also to enzymes originating in the salivarj’ glands. 
We have seen that the spontaneous destruction is such as 
would take place if it w^ere caused by bacteria capable of 
producing blood-group-dcstrojdng enzymes and capable of re- 
production in saliva. Similarly, we found that the antigen 
destruction in sterile saliva under the influence of raw organ 
could be explained as the effect of a substance which, itself, 
was destroyed in the course of time, thus a substance be- 
ha^^ng as an organic enzyme is generally assumed to behave 
under the experimental conditions in question. Now, as to 
the question of the possible participation of organic enzymes 
in the spontaneous destruction of antigen in saliva, our ex- 
periments permit us to say, that, if a certain amount of 
organic enzymes is transmitted to the saliva this amount is 
at any rate so minute that it is not able to change the pro- 
cess of destruction to such an extent as to render it dis- 
tinguishable from a purely bacterial destruction. In contra- 
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distinction it should be noted that an admixture of bacteria 
is likely to completely mask the process of destruction due 
to organic enzymes. 

It was established that the antigen-destroying enzyme was 
found not only in the submaxillary gland, but also in an 
organ like the quadriceps muscle which is relatively poor in 
group antigens and has no secretion whatever. This obsen'a- 
tions suggest that the enzyme in question is present, in a 
more or less pronounced degree, in the whole organism. So, 
it may perhaps be considered not as an enzyme acting spe- 
cifically on group antigens but rather as an enzyme capable 
of destroying polysaccharides in general. Such enzymes are 
not known to any great extent within the human organism, 
while they play a great part within the domain of the 
anaerobies, i. e. the bacteria which are generally in a high 
degree active in the spontaneous destruction of group antigen 
in saliva. In this connection attention may be called to Land- 
steiner’s (4) observation of the fact that certain bacteria which 
are able to destroy polysaccharides are also capable of de- 
stroying group antigens. 
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EXPERIMENTS OF PROVOKING 
PERNICIOSIFORM ANEMIA IN PIGS 
BY PYLORECTOMY. 

By Eril: Randier. 

(Received for publication December 5th 1940). 

Introduction. 

During recent years numerous attempts have been made 
to provoke experimental pernicious (perniciosiform) anemia 
in varies species of animals. Very seldom has it been possible 
to provoke anemia with even the slightest resemblance to 
pernicious anemia, and these results have always failed to 
be reproducible. 

As experimental animals besides the usual laboratory 
animals (mice, rats, guinea pigs) were particularl 5 >^ used dogs, 
and finally pigs, too. Thus, Bence (1933 and 1936), Maison 
& Ivy (1934), Goodman et al. (1935), and Petri et al. (1937 
and 1938) have subjected pigs to total gastrectomy for that 
purpose. However, the anemia entailed by that operation was 
hypochromic in all the cases. 


I. Previous Investigations. 

Prompted by MeulengrachVs reports (1934 and 1935), 
according to which the pyloric part of the stomach of pigs 
is of the greatest effectiveness in the treatment of pernicious 
anemia, Waterman et al. (1937) subjected four 3 month old 
Yorkshire pigs to pylorectomy ad modum Billroth II. Three 

20 
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of the animals survived the operation and, in the course of 
3—4 months, developed pronounced anemia, slightly hyper- 
chromm as compared to the values found prior to the 
operation. One of the animals 4 and 5 months after the 
operation received intramuscular injections of large doses of 
liver extract (pernaemon and pernaemon forte). It is re- 
ported that the diameter of the erythrocytes did not undergo 
any change either after the operation or after the injection 
of liver extract. On the other hand it is reported that, after 
injection of »pernaemon forte«, a strong reticulocyte reaction 
was observed besides a pronounced increase of the hemo- 
globin per cent as well as of the number of red corpuscles. 
This does not appear distinctly from the experimental reports, 
however. 


II. Own Investigations. 

In order to ascertain whether the removal of the pyloric 
part of the stomach of pigs really entailed hyperchromic 
anemia responding to liver therapy (in contradistinction to 
total gastrectomy which, as was previously mentioned, "was 
followed fay hypochromic microcytic anemia) I performed the 
following experiments. 


A. Material, operation, experimental arrangement. 

The experimental animals were eight 5 month old 
^Chinese* (black) pigs*) of the same litter. The reason 
why they were preferred to ordinary Danish pigs was that 
they are much smaller and, perhaps, somewhat hardier than 
the Danish pigs. 

Three of the animals, which served as controls, were no 
operated upon. The other 5 animals were subjected to re- 


*) The pigs were supplied and placed at the dis^sa! 
Institute through the courtesy of vMedicmalco«, Ltd., open )a 
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section*) ad modum Billroth I of the pyloric part of the 
stomach (i. e. the duodenal stump is anastomosed end-to-end 
with the remainder of the stomach) and not, as in Water- 
man et al.’s case (1937), ad modum Billroth II (closure of 
the duodenal stump and formation of gastrojejunostomy). 
Distally, the resection was made in or just distally to the 
pyloric ring. The resected pieces were submitted to micro- 
scopy which, proximally (orally), revealed in all of them a 
narrow border of fundus mucosa, except quite upward near 
the small curs'ature, where the pjdoric mucosa by a narrow 
part continues into the cardia mucoca which is microscopic- 
ally of a fairly similar structure. All the 5 animals survived 
the operation and seemed subsequently to feel perfectly well. 
During the first 5 days post operationem they received milk 
and water, afterwards, oatmeal-porridge, and after the lapse 
of 8 days they received their usual food consisting of rye- 
bread, potato-peel, oatmeal-porridge, crushed red maize, 
rough-ground barley groats, sweet-milk, besides a daily 
addition of 10 gr. of cod-liver oil and about 15 gr. of the fol- 
lowing salt mixture: Sodium chloride in the proportion of 1 
to 1,5 of calcium carbonate and of 2.5 of pbosphate calcium. 

Before I proceed to the description of the results I shall 
account for the details of the technic employed for the 
addition of 10 gr. of cod-liver oil and about 15 gr. of the fol- 
lowing salt mixture; Sodium chloride in the proportion of 1 
to 1.5 of calsium carbonate and of 2.5 of phosphate calcium. 


B. Technic of examining blood samples from pigs. 

This technic requires detailed discussion, because the osmotic 
conditions of pig erythrocytes differ from those of human crytliro- 
cytes, whence it is in several respects impossible forthwith to apply 


*) Three hours prior to operation the animals received an intra- 
muscular injection of 5 ml. of a 10% solution of phenobarbital 
sodium, and during the very operation, a small quantity of ether 
on an opeji mask. I am indebted to the analysts A. Jorgensen, A. Ras- 
mussen, and L. Martinsen for valuable assistance in the performance 
of the operations. 

. 20 * 
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the usual methods of examining human blood to the examinatioti 
of blood samples from pigs. If a drop of perfect!}^ fresh pig blood 
is examined under the microscope, all the erythrocytes are seen to 
be shaped like thoim-apples, and this also holds if heparin has been 
added to the blood. Also’ in Hayem’s and in Christensen & War- 
burg's*) solutions as well as in a 0.9 % sodium chloride solution, 
the pig erythrocytes present thorn-apple shape, and this likewise 
applies to dilutions of the named solutions, whereas, in Ringer's 
solution and in a 1.3 % sodium oxalate solution, they are round, 
biconcave, having quite the same appearance as human erythrocytes. 

The changes in the technic of blood examination necessitated 
by the mentioned phenomena are described in the following. 

The drawing of blood samples. Venepuncture being fairly diffi- 
cult, at any rate in small pigs, the blood is drawn after hyper- 
emization (rubbing) of an ear and incision of one of the ear veins. 
The blood for the different examinations is pipetted directly from 
the place of incision. 

The determination of the hemoglobin content is carried out in 
the usual manner with the aid of Hellige's hemometer. 

Erythrocyte count. The erythrocytes are counted in the usual 
manner in a Bilrker-TUrk counting cell after dilution with Hayem's 
solution, which can very well be used even though the erythrocytes 
are thorn-apple shaped in it. 

The leukocyte count does not either differ from the generally 
employed method (dilution with a solution of diacetic acid methyl- 
violet etc.). 

Determination of the volume %. To begin with the volume % 
was determined with the aid of a hematocrit after dilution with 
Christensen & Warburg's solution (cf. above). However, since the 
erythrocytes were thorn-apple shaped in this solution, the author 
was afraid that it would not be appropriate for determining the 
volume % in pig blood. Moreover, the results proved to differ 
according as the centrifugation was effected at once or aftei the 
lapse of 1—2—3 hours. Anyhow, that was unfortunate when the 
blood samples had to be conv'eyed a considerable distance before 
the centrifugation could be done. That is why the volume per cent 
was determined in »heparin bIood«, i. e. without preceding dilution. 
The volume of erythrocytes was determined as it is in the origina 
plasma (with its Ph, protein and salt concentration), and not under 


*) Sodium oxalate 11.300 gr. 

Primary potassium phosphate 0.315 gr. 
Secondary » » Sr- 

Boiled distilled water to 1000 gr. 
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standard conditions with the aid of diluted solutions. The procedure 
was as follows: A 5 % heparin solution is sucked up in the capillary 
tube of a C. M. va7i Allen hematocrit and blomi off again; having 
ascertained that no drops are left in it the tube is dried in the 
thermostat. From the place of incision the blood is drawn directly 
into the tube, up to the mark 100; the heparin adhering to the 
inner wall of the tube is sufficient to prevent coagulation of the 
blood. Then centrifugation can be done at any convenient time, 
a number of examinations having shown that the i-esults are the 
same whether centrifugation is done at once or after the lapse of 
up to 4 hours (or even more). The volume per cent is calculated 
as mean value of from 2 to 4 samples, which seldom present any 
mutual difference greater than corresponding to about G — S per cent 
of the mean value, and in the majority of cases, even much smaller. 
For the sake of comparison, the volume % was in 10 cases determ- 
ined partly in this way and partly with the aid of Chrislcnscn A- 
Warburg's solution and immediate centrifugation. Good agreement 
was found in 5 of the cases, whereas, in 4 cases, the values obtained 
with Christensen A; Warburg's solution were considerably lower, 
and in a single case, somewhat higher. 

Measuring of the diameter of the erythrocytes. Paying regard, 
amongst other things, to the osmotic conditions of the erythrocytes, 
micrometry was performed as follows: On a cn7’efully ungreased 
groundglass objective a thin smear (objective preparation) is placed 
very cautiously. Also in the smear the erythrocytes are very apt 
to become thorn-apple shaped, but some of a nice round shape will 
always be found to lie freely in the »thin extremity« of the pre- 
paration. Having been dried in the air, they are stained with 
Jenner's solution for 2 minutes and,, subsequently, washed with 
phosphate buffer (Ph = G.5 — 7 parts of 1/150 molar primary potas- 
sium phosphate and 3 parts of 1/150 molar secondary potassium 
phosphate). Then they are pressed on filtei’ing paper and dried in 
the air for 3 — 5 minutes. Afterwards, staining for 5 minutes with 
a liquid consisting of 1 part of a 2.5 % eosin solution (water-soluble, 
yellowish (Grtibler)) and 9 parts of phosphate buffer (see above). 
Finally, washing with buffer and pressing out on filtering paper. 
Preparations produced in that way will i-emain unchanged for more 
than a twelvemonth at any rate. The very micrometry is performed 
with the help of a microprojection microscope with an enlargement 
of 1000. In each preparation are counted 100 cells altogether. This 
is done with a glass scale divided into half millimeters. The method 
is very' accurate; nor is there apparently the same possibility of 
individual fluctuations with different examinators as in the use of 
an ocular microscope. 
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Counting of reticulocijtes. Several different methods of countine 
reticulocytes are known. In the present material, counting of a 
dry preparation was selected as being the most adequate method 
The procedure was as follows: With a pipet, 0.10 cmm. of a 1 % 
brilliant cresyl-blue solution in 1.3 % sodium oxalate is placed on 
a paraffined objective. (In this solution the erythrocytes fail to 
coagulate and present, moreover, a nice, round, biconcave shape). 
With the same pipet, 0.10 cmm. of blood is drawm from the ear 
of the pig and, with the help of a thin, paraffined glass rod, mixed 
carefully with the brilliant cresyl-blue solution. After 1 minute’s 
standing the mixture is sucked up in the pipet and transferred in 
two equal portions to a carefully ungreased objective for the »cover- 
glass preparations«. After drying in the air, 3 minute’s fixation in 
methyl-alcohol and subsequent staining for 10—15 minutes in a 
mixture of 2 parts of azure-eosin (Gierasa) and 8 parts of phosphate 
buffer with Ph = 6.5 (see above) . The staining liquid is washed 
off Avith buffer solution, in which the cells are differentiated for 
minute and subsequently pressed out on filtering-paper. For the 
count, a diaphragm with a square opening measuring 3X3 mm. is 
placed in the ocular. There are counted 1000 erythrocytes altogether. 
The preparations will remain unchanged for a long time (more 
than a year). 


The above described methods have been employed for 
21/2 years and proved absolutely satisfactory. 

Several authors report great variations in the results of 
examinations of blood samples of pigs immediately after 
feeding. That is why the blood is always collected from 
fasting animals. It is also reported, for example by o.FalcL 
( 1931 ), that the hemoglobin content and the proportion of 
erythrocytes in the circulating blood of pigs present, on the 
whole, great fluctuations, and it should be of special im- 
portance if the experimental animals, before the blood was 
drawn, had been chased more or less, if they had been restless 
or not. Greater fluctuations of that kind were not obsen-ed 
in this institute, however. Thus, in a number of cases the 
animals were killed immediately after the blood samples hac 
been drawn, and examination of the blood flowing ou 0 
the jugular gave exactly the same result as the ear 00^ 
Finally, blood specimens drawn successively on a numbc 
of days gave fairly identical results (Table 6 ). 
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The values noted for the other two nonoperated control 
animals (pigs Nr. 6 and Nr. 7) were on the very same level 
In order to save space, only the initial and terminal values' 
%vill he recorded for blood specimens collected on the same 
dates as for the pig Nr. 8; Hemoglobin 77 — 78 % and 77— 
91 erythrocytes in mill.: 6.20—6.30 and 6.30-7.21; dia- 
meter of erythrocytes in 6.0— 6.0 and 6.1— 6.0; volume %: 
35 — 36 and 35 — 40; reticulocytes “/oo; 26 — 10 and 17—6; 
leukocytes: 18,140—18,140 and 18,320—18,000. 


3. Conclusion. 

As recorded in the Tables 4 and 5, one of the operated 
animals (Nr. 4) after 6 weeks died of severe chronic changes 
in both lungs, and another (Nr. 2) after 2% months died of 
mechanical ileus due to an intreperitoneal adhesion. The first 
named animal, which was distinctly anemic already prior to 
operation, afterwards incurred an exacerbation of the anemia, 
whereas the other presented no change whatever in the blood 
picture. 

The remaining three pigs (Nrs. 1, 3, and 5) survived the 
operation in perfect wellbeing until they were killed about 
6 months later. Defecation was quite normal; skin and hairy 
coat as well as growth and increase of length were also in 
perfect accord with the conditions of the 3 control animals. 
Nor did the blood picture present any sure deviation from 
that of the healthy control animals, i. e. signs of perniciosi- 
form anemia failed to appear. Perhaps, the diameter of the 
erythrocytes presented a dubious, very slight and transitory 
increase, but, on the whole, the operation had influenced 
neither Hb.%, number of erythrocytes nor volume %, number 
of reticulocytes or the Price-Jones curvm. 

Scarcely 1 month before the animals were killed, i.c. 
about 5 months after the operation, they were treated with 
intramuscular injections of large doses of )>hcpsol fortiori, 
a very concentrated and strongly anti-anemic liver extract. 
During this treatment, reticulocyte counts were performed 
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cverj' day. As is seen from Tables 1, 2 and 3, the injccUons 
of liver extract did not affect either the number of reticulo- 
cytes or the hemoglobin per cent; nor could that, per sc, be 
expected, since there was no anqmia. 

To judge from the experiments described in the preceding, 
the removal of the pyloric part of the stomach in pigs 
apparently does not entail any changes in the blood picture 
during the first 6 months at any rate. 


Summary. 

With a view to provoke perniciosiform anemia, 5 pigs 
w'cre subjected to pylorcctomy a. m. Billroth I. 

The details of the technic emploj^ed for the examination 
of blood samples from pigs are accounted for. 

To judge from the results of the examinations, the said 
operation — in contradistinction to the results reported by 
Waterman et al. — docs not give rise to distinct changes in 
the blood picture particularly no changes in the direction of 
pernicious anemia. 
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PHENYLMERCURIC OINTMENTS. 

By Elsa Jensen. 

(Received for publication December 18th 1940). 

In two previous papers^) an account was given of some 
studies carried out by the writer on the antiseptic properties 
of phenylmercuric salts. The experiments were made in part 
with »Merfen«, which is a solution of phenylmercuric borate, 
partly with various phenylmercuric salts that were placed at 
my disposal by the Control Laboratory of the Danish Pharma- 
ceutical Association. The tests showed that various phen}'!- 
mercuric salts have about the same bactericidal effect, and 
that their bactericidal properties are so marked that they arc 
to be reckoned among the strongest bactericidal substances 
known so far — an observation that is quite in agreement 
with the experiments reported by L. A. Weed & E. E. Ecker-), 
K. E. Birkhaug®), L. P. Garrod'*), M. Armangue & V. 
Maestres®), O. K. Stark & K. Montgomeri") and N. R. Nyc’). 

As phenylmercuric salts also are relatively non-poisonous, 
they naturally have been found serviceable for therapeutic 
use in various infectious diseases amenable to local treatment. 
Good therapeutic results from their employment in the form 
of lotions or ointments in the treatment of various affections 
have been reported by L. H. Biskind®), F. W. Hitchins"), G. M. 
Loewe^®), B. M. Stuart”), B. Levine”), F. C. Greaves’^), J- 
Fariols”) and B. J. Fog-Moller”). On employnnent of watery 
solutions Fog-Moll er found — what is in keeping with my 
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bacteriological tests — that various phenylmercuric salts have 
the same therapeutic effect. In his studies Fog-Moller made 
particular use of phen 3 'lmercuric acetate, which acts exactly 
like merfen. 

Three special preparations of phenjdmercuric ointment 
have been put on the market, namelj’: merfen ointment, 
merfenil ointment and merfenjd ointment’®). Merfen ointment 
is a protegin ointment containing 0.4®/no phcnj’l mercuric 
borate. Merfenil ointment contains P/no basic phcnj’lmercuric 
nitrate in an unknown unguentary substrate; and mcrfenj’l 
ointment contains 0.66''/oo phenj'l mercuric nitrate in an oxy- 
cholesterol ointment. 

Various phenylmercuric ointment differ in their solubility 
in water and in different unguentary substrates. Table 1 gives 
the solubilitj' of the acetate and chloride in water, mineral 
oil and olive oil as found bj’ J. K. Gjaldbjck & V. Helweg Mik- 
kelsen^'^). No report has been published j'et on the solubilitj' 
of phenj’lmercuric salts in ointment, but it seems reasonable 
to assume that their solubilit}' in vaseline is about the same 
as in mineral oil, and that their solubilitj' in unguentarj’ 
substrates of lipide character is about the same as that in 
olive oil. At anj' rate this rule applies to phenol (J. K. Gjald- 
bffik)^®). 



Tabic i. 



Solubility of 

In water j 

In mineral 
oil 


Plienylmercuric acetate 

1:250 


1:10 

Phenylmercuric chloride 

1:55000 


1:500 


From Table 1 it is evident that phenylmercuric salts arc 
more soluble in olive oil (corresponding to lard, lanoline, 
spcrmacct, wax, etc.) than in mineral oil (corresponding to 
vaseline). This allows of the conclusion that the tendency of 
a phenylmercuric ointment to give off the phenj'lmcrcuric 
salt to the tissue juices is greater when the ointment consists 
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in vaseline than when it made up of lard or an other lipide 
substrate, provided that the ointments are of the same 
strength, that the phenylmercuric salt is dissolved in the 
unguentary substrate, and that ointments othei^%1se are equal- 
ly able to mix and get in contact with the tissue juices. From 
the solubilities given in Table 1, however, it is not practicable 
to figure how the mentioned phenylmercuric salts will be 
distributed between the unguentary substrates and the tissue 
juices. In this respect one meets with some difficulties because 
the state of phenylmercuric salts differs according to the 
solvents (unguentary substrates, water, or tissue juices). 

When phenylmercuric acetate is dissolved in mineral oil, 
olive oil or some unguentary substrate, it presumably is 
present as molecules of phenylmercuric acetate (but the pos- 
sibility of association, for example, into double molecules can- 
not be excluded). In aqueous solution, on the other hand, 
the substance is found in three different forms: non-ionizetl 
phenylmercuric acetate (about 83%), ionized to phenyl- 
mercuric ions (about 2 %), and hydrolyzed to phenylmercuric 
hydroxide (about 15 %). According to Gjaldbrek & Helwcg 
Mikkelsen, these figures apply to an aqueous solution of the 
strength 1:300 (0.01 molar). 

As in aqueous solution the greater part of the phenyl- 
mercuric acetate (about 83 %) is present as phenylmercuric 
acetate molecules, it is possible from the figures in Table 1 
approximately to calculate the distribution coefficient of this 
salt between water and, for instance, olive oil, finding it to 
be 40/250. But this distribution coefficient cannot be employed 
for calculation of the distribution of phenylmercuric acetate 
between olive oil and tissue juices, because tissue juices are 
buffers with p„ about 7. As phenylmercuric hydroxide is a 
very weak base (Kb - ca. 10-»)^^h it may be calculated tha 
phenylmercuric acetate in tissue juices with p^ ca. 
be converted almost completely to phenylmercuric hydroxide; 
less than P/oo will be present as phenylmercuric salt (non 

ionized -1- ionized). . 

In consequence of the above-mentioned fact, that the ■ 
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sue juices will convert phcnylmercuric salts almost completely 
to phenj'lmcrcuric hydroxide, the ointments which contain 
phcnylmercuric salts in solution will be able to give off the 
phcnylmercuric salt to the tissue juices to a far greater extent 
than suggested by the distribution coefficients that may be 
calculated from the figures in Table 1. For the same- reason, 
presumably, it will be justified to discount the complication 
tliat tlie phcnylmercuric salt might be precipitated as chloride 
— owing to the chlorides of the tissue juices. For, even though 
phcnylmercuric chloride is almost insoluble in water, the pos- 
sibility of chloride precipitation in the tissue juices will be 
slight, as phcnylmercuric salts at p,, = 7 contain almost no 
phcnylmercuric ions. It is reasonable to assume that phcnyl- 
mercuric chloride is rather easilj' soluble in tissue juices. 

So it seems hardly possible to prepare ointments contain- 
ing phcnylmercuric salts in such a way that the ointment has 
buffer and depot action as to the phcnylmercuric salt. Even 
though the unguentarj' substrate is highly able to dissolve 
the phenylmercuric salt employed, the ointment wall have a 
strong tendency to give off the phenylmercuric salt to the tis- 
sue juices; and on trituration of an almost water-insoluble 
phenylmercuric salt (for instance, the chloride) the ointment 
will also have a great tendency to give off the salt, because 
the salt is rather easily soluble in the tissue juices. 

The idea then suggests itself to see whether it might be 
possible to prepare a phenylmercuric ointment with buffer 
action by employment of phcnylmercuric hydroxide; but as 
this substance dissolves far more readily in water than do the 
phcnylmercuric salts, the condition for its serviceability in 
ointment is the finding of an unguentary substrate that is 
highly capable of dissolving phcnylmercuric hydroxide. The 
solubility of this hydroxide in water is about 1 : 80, and the 
unguentary substrate would therefore have to be rather able 
to dissolve about 10 % phcnylmercuric hydroxide if it were 
to have any buffer action worth mention. In mineral oil and 
in olive oil, however, the solubility of phcnylmercuric hydrox- 
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ide IS less than l%o, so that possibility of finding such a 
substrate appears to be very slight. 

As it seems rather impracticable to prepare phenylnicrcuric 
ointments with buffer or depot action, it will hardly be pos- 
sible to employ concentrated phenylmercuric ointments uilh- 
out causing irritation. In aqueous solution phenylmercuric 
salts are employed at a concentration of 1; 1250 or as weaker 
solutions. In ointments, presumably,' these salts iriay be: 
employed in a somewhat, but not much, stronger concentra- 
tion, because an ointment does hot get into such an intimate 
contact with the tissues as does an aqueous solution; besides, 
it takes some time for the phenylmercuric compound to dif- 
fuse front the ointment to the tissues. 

The experimental studies reported in the following were 
aimed to illustrate the ability of the phenylmercuric compound 
in different phenylmercuric ointments to diffuse from the 
ointment out into an agar plate. The experiments were made 
with the soluble ' phenylmercuric acetate and the almost 
insoluble phenylmercuric chloride incorporated in various 
unguentary substrates. 


Technique. 

To elucidate the question about the diffusibilit)' of phenylmercuric 
salts from different phenylmercuric ointments the following tech- 
nique was employed. 

Sterile ground glass rings, measuring 7 mm. m height and 2 cm. 
in internal diameter, are placed in the centre of sterile Petri dislics. 
Into each Petri dish, outside the glass ring, is poured 20 _c. c. of 
melted 2 % peptone agar (about 50®) thoroughly mixed with 5 drops 
of a 24-hour culture of Microc. aureus. This bacterium is chosen 
for test object because it is the most resistant of hie more common 
non-spore-forming bacteria. When the agar is stiff, the glass ring 
is removed by means of sterile forceps, and about 3 of ^tmen 
is delivered from a tube into the empty circular hole m he plate 
left after the glass ring. If the ointment is ‘"2a"or 

containing lanoline) it is first softened by standing 
for some length of time. If necessaiT, the ointment is bi oug t 
close contact with the agar wall of the hole by means of a sterile 
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glass spatula. Then the Petri dish is incubated for 3G hours at 37", 
and photographed with a black paper for background. 

A typical example of the results that may be obtained with this 
technique is seen in Fig. 1, which shows the result obtained with 
l"/oo phenylmercuric acetate in gum tragacanth and, for com- 
parison, a control plats without ointment. 

The dark circular area in the centre of the plate is the oint- 




Gum tragacanth with 1 %o 
phenylmercuric acetate. 

Fig. L 


Control (no ointment in 
the centre). 


ment. The circular Zone 1 is clear, appearing like sterile agar 
medium, as there is no visible growth in this zone. Microscopic 
examination revealed the presence of a few solitary bacteria. 

Zone 1, which is 8 mm. wide, is surrounded by Zone 2 (12 mm. 
wide) that shows macroscopic growth. Under the microscope, how- 
ever, the growth in Zone 2 is found to be more sc.anty than the 
growth in the control dish. In the external Zone 3, the zone of 
normal groxvth, the density of the growth is the same as that in 
the control. At the transition between Zones 2 and 3 the microscopic 
examination reveals a very narrow band, Zone a, with particularly 
vigorous growth, even more abundant growth than in the normal 
zone and in the control (negative chemotaxis). For estimation of 
the diffusibility of the phenylmercuric compounds it will be more 
proper, no doubt, to base the estimate on the width of Zone 1, as this 
zone is permeated with so much phenylmercuric salt that the 
bacterial growth is inhibited. 


Aaa pith. Vol. XVltl, HI 
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Experiments. 

Tests have been made \vith the following ointments, prepared 
by the Control Laboratory of the Danish Pharmaceutical Asso- 
ciation: 

A. Phenylmercuric acetate 0.5®/oo dissolved in adeps lanae, adeps 
lanae cum aqua, adeps lotus, dermotel, glycoderm, opa' cream 
without perfume, ungv. molle, and vaseline. 

B. Phenylmercuric chloride 1 % triturated in the same unguentary 
substrates as employed under A. 

C. Phenylmercuric acetate ointments made of ungv. molle in the 
proportions 1.25 ‘’/oo, 2.5®/oo, 5®/oo, and 10 %o. 

D. Phenylmercuric chloride ointments made of ungv. molle in 
the proportions 0.5 %o, 1 ®/oo, 1.25 ®/oo, 2.5 “/oo, 5 ®/oo, 25 ®/oo, and 
50 ®/oo. 

The results obtained in the experimental series A, B, C and D 
are given in Tables 2 and 3, recording the width of Zone 1 in mm. 


Table 2. 

Width of Zone t in mm. 


Unguentary substrate 

A. Phenylmer- 
curic acetate 
O. 50/00 sol. 

B. Phenylmercuric 
chloride 

1 o/co trilurat. 

Adeps lanae - 

6.6 ■ 

8.8 

» » c. aqua 

6.0 

14.4 

5> lotus 

7.6 

10.4 

Dermotel 

7.6 

9.6 

Glycoderm 

6.4 

9.6 

Opa cream without perfume • 

8.2 

11.0 

Ungv. molle 

8.0 

9.8 

Vaseline 

6.8 

9.2 


Table 3. 

Phenyl mercuric Ointment with Ungv. molle as Substrate. 
C. Phenylmercuric acetate 


D. Phenylmercuric chloride 
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Opa cream without perfume, 
with 0.5 ‘’/oo phcnylmcrcuric 
acetate. 



Table 2 shows that in Series A the width of Zone 1 has varied 
between C.O and 8.2 mm. Opa ci-eam presents the widest zone; then 
ungv. mollo. Tlie narrowest zone is found for adops lanae cum 
aqua. Strangely, in the ungv. molle ointment Zone 1 is wider than 
the corresponding zones in the components of ungv. molle — namely, 
vaseline and adops lanae cum aqua. Still, there is no groat differ- 
ence in the width of the zones in the different experiments. 

In Series B, adeps lanae cum aqua presents the widest Zone 1; 
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Opa cream without per- 
fume, with 1 % phenyl- 
mercuric chloride. 



Uiigv. molle with 1 %' phe- Glycoderm with 1 % phc- 

nylmercuric chloride. jjjdmei’curic chloride. 

Fig. 3. 


for ungv. molle width of Zone 1 is intermediate hetwccn the cor- 
responding zones in adeps lanae cum aqua and vaseline. Opa cream 
show's a wide Zone 1 in this series too. 

On comparison of the results in Series A and B it is found 
that . a 1 % trituration of the chloride show's a w'ider Zone 1 than 
a 1 “/oo solution of the acetate. 

For illustration of the above experiments, some photos arc shown 
in half size (Figs. 2' and 3). 



Ungv. molle with 1.25 Voo 
phenylmcrcuric acetate. 


Ungv. molle with lOVoo 
phcnylmercui’ic acetate. 



Ungv. molle with 50 '’/oo 
phenylmcrcuric chloride. 



Ungv. molle with 0.5 ‘’/oo 
phenylmcrcuric chloride. 


The results of the tests in Series C appear to show that an in- 
crease in the concentration of phenylmercuric acetate does not es- 
sentially give a wider Zone 1; and the same applies to the chloride. 

On comparison of Series C and D it appears as if a trituration 
of the chloride proves just as effective as a solution of the acetate 
in the same proportion. 

A comparison of Scries A and B with Series C and D would 
hardly he allowable, as Series A and B wore not carried out at 
the same time as Series C and D and hence not with the same 
batch of agar. Some photos in half size illustrate the results (Fig. 4). 
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Conclusion. 

The results show that phenylmercuric acetate ointments 
as well as phenylmercuric chloride ointments are bactericidal. 
The character of the unguentary substrate appears not to 
play any great role. Still, the diffusibility of the phenyl- 
mercuric salts here employed appears to be somewhat greater 
from opa cream and ung^^ molle than from the other oint- 
ments. Trituration of the chloride seems to be just as ef- 
fective as a solution of the acetate in the same proportion. 
On the other hand, the amount of acetate or chloride in the 
ointment appears to be of minor importance to the diffusibi- 
lity of the salt from the ointment. 


Summary. 

A report is given of some experimental studies aimed to 
elucidate the question about the diffusibility of phenylmercuric 
salts incorporated in various unguentary substrates. 

Description is given of the method employed for these 
tests. 
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FROM THE UNIVERSITY INSTITUTE FOR GENERAI 
PATHOLOGY, COPENHAGEN 
_ (CHIEF: PROFESSOR QLUF THOMSEN M.D.). 


ON STERILIZATION OF I SOZOIODOLIC 
ACID SOLUTION. 

By Elsa Jensen. 

(Received for publication December IStli 1940). 

The following experiments were carried out in order to 
ascertain whether a l^’/oo solution of sozoiodolic acid is bacteri- 
cidal, and thus look into what method of sterilization it has 
to undergo. 

Respectively 10 c. c. of l®/oo sozoiodolic acid solution and 
10 c. c. of sterile distilled water (for control) were placed in 
rubber-stoppered Erlenmeyer flasks, to which %vere added, 
by means of a Pasteur pipette, 5 drops of a 24-hour culture 
of Micrococcus aureus. The flasks were placed in incubator 
at 22" (room temperature). Subcultures were made with 
platinum loop, in broth, at once and after various intervals. 
After incubation at 37" for up to three weeks the results 
were read. The findings are given in Table 1. 


Table L 

Growth of Microc. aureus in Subcultures made from after Addition 
of 5 Drops of Broth Culture. 


10 c.c. of 

at 

once 

Subcultures made 

after 

3hrs. 6hrs. 20hrs. 24brs. 

48brs. 3 days 

1 "/oo sozoiodolic 
acid solution 


4- + 

0 0 

0 

0 

Sterile destilled 
water 

■f- 

+ + 

4- 4- 

+ 

4 


413 


The experiment was repealed with addition of a sxispension 
of soil spores from an agar-surface culture. The heal 
resistance of these spores at pj, = 8, which according to 
Walbum^) is the hydrogenion concentration at which soil 
spores are most resistant, exceeded boiling for 10 hours. The 
results are given in Table 2. 


Table 2. 

Groxulh of Soil Spores in Snhcttllurcs made after Addition of 
5 Drops of Svspexision of Agar Snrface Culture. 


10 c.c. of 


Subcultures made 


at 

after after 


once 

3 days 3 weeks 

1 °/oo sozoiodolic acid sol. 

4“ 

-f 4- 

Sterile distilled water 

+ 

+ + 


From the findings above it is CNident that the micrococci 
in the sozoiodolic acid solution die out in less than one day, 
whereas they keep alive in the sterile distilled water, and that 
the soil spores are alive after two weeks’ slay in the sozoiodolic 
acid solution and in the sterile distilled water. These findings 
are in keeping with some experiments preWously reported by 
the writer.-) 

Further, an experiment was made in which tlie sozoiodolic 
acid solution wdth addition of 5 drops of soil spore suspension 
w'as subjected to the heat treatment required in the Pharma- 
copoeia Danica 1933 with this variation, that subcultures were 
made in broth after various intervals and incubated at 37® 
for 3 weeks. Sterile distilled water was used for the controls 
in this experiment too, inoculated with 5 drops of the same 
soil spore suspension. The results arc given in Tables 3 and 4. 

Tables 3 and 4 show that l°/oo sozoiodolic acid solution 
possesses a relatively bactericidal power for the highly 

*) Dansk Tidsskrift for Farmaci. 7: 37, 1033. 

-) Dansk Tidsskrift for Farmaci, (.3: 1, 1030. 




414 


resistant soil spores here employed, as these spores keen alive 
in the stenle distilled water after heating, whereas they arc 
killed in the chemical solution. 


Table 3. 

Growth of Soil Spores in Subcultures (5 Drops of Spore Suspension 
added to the Solution). 


Heating to 100®. 

Cultures in Broth after 

15 min. 

30 min. 

45 min. 

1 hour 

10 c.c. of 1 ®/oo sozoiodolic 
acid solution 

-h 

0 

0 

0 

10 c.c. of sterile distilled water 

4- 

4- 

+ 

+ 

Table 4. 

Growth of Soil Spores in Subcultures (5 Drops of Spore Suspension 
added to the Solution). 

Heating to 80°. 

Cultures in Broth after 

30 min. 

1 hour 

H/g hrs. 

2 hrs. 

10 c.c. of l%o sozoiodolic 
acid solution 

+ 

-f 

0 

0 

10 C.C. of sterile distilled water 

-f 

+ 

+ 

■f 


Kromann Jensen^) states that the Dak Laboratory (Con- 
trol Laboratory of the Danish Pharmaceutical Association) 
has advised aseptic preparation of l®/oo sozoiodolic acid 
solution for injection. With a view studies previously reported 
by me^), from which it was evident that only a few germs 
could be demonstrated on chemicals intended for the pre- 
paration of injection remedies, it will be safe, no doubt, m 
a great majority of instances to reckon -svith sterility of sudi 
remedies with aseptic precautions. But, as demonstrated m 


3) Archiv for Pliarmaci og Chemi, i7: 229, 1940. 

4) Archiv for Pliarmaci og Chemi, 43: 357, 1936; Zentralbl. f. 

138: 375, 1937. 


Bakt. 
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Tables 3 and 4, it requires healing to obtain absolute sterility 
■when the contaminating material consists in heat-resistant 
soil spores — namely, healing at 100“ for at least 30 min. 
or at 80“ for IVo hours. 

From the experiments above, \vhich confirm some pre\’ions 
experiments of mine''), it appears, when considered from a 
bacteriological point of ^ie^v, as if the pharmacopoeia is even 
very strict when it requires that a remedy prepared under 
aseptic precautions together wlh healing to 100“ for one 
hour or to 80“ for two hours is to be designated as sterile 
onlj’ after bacteriological control tests. 

As the studies reported by Kromann Jensen") show that 
heating of a l“/oo sozoiodolic acid solution to 80“ for 2 hours 
causes liberation of iodine onlj' to slight extent as corresponds 
to decomposition of 0.7% of the sozoiodolic acid, this form 
of treatment has to be considered the more suitable for sterili- 
zation of l“/oo sozoiodolic acid solutions. 

According to Dr. GcilF) the therapeutic effect of the iodine 
liberated under this treatment must be said to be of minor 
value. 

The studies here reported were carried out at the sugges- 
tion of the Control Laboratory of the Danish Pharmaceutical 
Association. 


“) Private communication. 
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.r ... pathology, COPENHAGEN 

(LATE DIRECTOR: PROFESSOR QLUF THOMSEN. M. D.j. 


THE A ANTIGEN CONTENT OF RABBIT SERUM 
AND ITS IMPORTANCE FOR THE FORMATION 
OF A ANTIBODY. 

By Jorgen Flamand Christensen. 

(Received for publication December 13tli 1910). 

In a previous paper it was mentioned that rabbits owing 
to their capability to develop antibody by immunization with 
human blood corpuscles of type A can be divided into two 
more or less equal, ■well characterized groups. The animals 
of the one group respond to such immunization by developing, 
besides species antibody, a small quantity of or, possibly, 
no A agglutinin, and no sheep hemolysin, -whereas the 
animals of the other group produce a great quantity of 
A agglutinin and also a great quantity of sheep hemolysin. 

In order to explain this difference in the capability to 
develop antibody Dolter in 1925 suggested that A antigen 
must be contained in serum or organs of the first named 
group of animals (which, in his opinion, are quite unable 
to respond to immunization w'ith A red corpuscles by develop- 
ing specific antibody). That this supposition wms essentially 
correct was subsequently proved experimentally by several 
authors. Thus, Witcbskij with the aid of experiments of 
fixation of the complement with alcoholic extract of lung 
and kidney from one of two rabbits detected A antigen, 
without paralleling this finding however with the capability 
of the animals to produce antibody. Hara and Trdbmann com- 
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pared the quantity of A antigen contained in tlie serum ol 
rabbits with the quantity of preformed A agglutinin, and 
thus found that those sera which contained no preformed 
A agglutinin did contain A antigen which, on the other hand, 
failed to be detected in sera containing preformed A antibody. 
These authors determined the A antigen content of serum 
by examining \Yhether the serum was capable of binding the 
sheep hemolj'sin in a conveniently diluted anti-A scrum, and 
thus of preventing hemolysis by the addition- of complement 
and sheep red corpuscles. 

However, on applying this fairly complicated method so 
many factors assert themselves that it is often difficult to 
estimate the results, which have actually been rather in- 
calculable for other researchers. 

Nor is the content of preformed A agglutinin in scrum a 
reliable expression of the capability of the animals to develop 
antibody, since virtually all the animals contain some A 
antibody at anj' rale. Thus, I on examining my experimental 
animals found that the titer for the preformed A agglutinin 
varied between 0 and 12S. Those animals which had strong 
preformed antibody were as a rule capable of developing 
strong A antibody also after immunization, while those with 
weak preformed A agglutinin very seldom had this properly. 
However, a sharp line of distinction could not be drawn, 
for even animals with the low titer of 2 were capable of 
developing antibod 3 % whereas animals with a liter of 16 were 
unable to do so (Table 1). 


Tabic I. 


Titer 

<4 



m 

jj^ 

G1 

128 

Altogether 

Much anti-A 

3 

7 

8 

3 

5 

2 

1 

29 

Little or no anti-A 

17 

4 

3 

1 




25 

Altogether 

20 

11 

11 

4 

5 

2 

1 

5S 


Tlio Table shows the distribution of titer for llie preformed A agglu- 
tinin among those rabbits which, after immunization, produce 
strong A antibody (upper row), and among tiiosc wlu'ch are not 
able to do so (middle row). 
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Mai and Torben Andersen examined the A antigen con- 
tent of extracts of lung and kidney and that of scrum re- 
spectively, and compared the result ^^ith the capability of 
the animals of developing antibody, and they found in the 
main that those animals in ■which A antigen was detected 
were unable to develop A antibody, while the others were 
capable of doing so. 

These different experiments thus indicate on the whole 
that there is a relation between the capability of the animals 
to develop antibody and their A antigen content. Since my 
experiments of immunization described in the preceding paper 
illustrate so distinctly the varying capability of the animals 
of producing antibody, I endeavoured to discover a cor- 
responding characteristic difference in the antigen content. 

Whereas the mentioned authors in their studies mostly 
used the inhibition of the hemolysis of sheep red corpuscles 
for measuring the A antigen content of a serum, I preferred, 
on account of the many drawbacks encumbering that method, 
a modification of the precipitation and absorption method 
devised by Oluf Thomsen. With the aid of this method the 
protein substances of the serum are precipitated after addi- 
tion of acetic acid and heating. The precipitate is used for ab- 
sorption of an immune serum, and comparison between the 
titers of this serum recorded prior and subsequent to ab- 
sorption affords a measure and identification of the anti- 
body which the precipitate has been able to bind. This method 
is simpler and affords more perspicuous results than does 
the inhibition of the hemolysis of sheep blood. Besides, the 
latter method only affords information with regard to A 
antigen of the same kind as that contained in sheep red 
corpuscles. The precipitation method on the contrary affords 
the possibility of obtaining information regarding other parts 
of the A antigen too, as immune serum before and after ab- 
sorption with the precipitate can be tested by titration both 
in experiments of agglutination, of hemolysis and of comple- 
ment fixation. 
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Technic: 0.4 cc. of that serum whose A antigen content shall he 
examined is diluted with l.G cc. of a 0.9 % salt solution, and 2 drops 
of 1 % acetic acid are added. The tube is then placed on a constant 
water-bath of 80° C. for 15 minutes, and shaken frequently. Thereby 
a fine precipitate appears. After centrifugation the limpid fluid is 
removed, and the precipitate is washed once with 0.9 % saline. To 
the precipitate is then added 0.4 cc, of the conveniently diluted 
anti-A serum to be absorbed, this serum previous having been 
absorbed with 0 corpuscles. The precipitate being mixed carefully 
with serum, the mixture is left to stand at room temperature for 
absorption, as a rule for 1 hour. Finally, the absorbed serum is 
compared with the unabsorbed scrum with the aid of titration. 
The technic used for the titrations was described in the previous 
paper. 

That this method affords precipitation of antigen together with 
the albuminous substances in such a manner that, by absorption, 
a specific fixation of antigen and antibody ensues, is shown by the 
experiment recorded in Table 2. 

The rabbit R40 is immunized with A blood corpuscles and has 
thereby developed strong A agglutinin and sheep hemolysin. Scrum 
from this rabbit is absorbed with 0 blood corpuscles and, after- 
wards, with precipitates from human 0 scrum, human A scrum, 
and serum from two rabbits (R59 and RGl); serum RiO is then 
tested by titration of hemolysin opposite sheep red corpuscles (SGI) 
and of agglutinin opposite A blood corpuscles. 

The first section of the Table shows that the precipitate of 
A serum and of RGl serum caused a very considerable reduction 
of the titer, whereas the other two sera absorbed a minor quantify 
of antibody. The absorption brought about by human 0 scrum must 
at any rate be unspecific, for, as serum R40 had previously been 
absorbed with 0 blood corpuscles, no O antibody can have boon 
left to be removed. Nor docs the absorption of R59 exceed the limit 
of unspecific absorption, whereas that absorption which is caused 
by human A scrum and RGl serum must be considered to be caused 
by A antigen. The experiment moreover shows that this absorption 
is not complete, for in that case the A serum ought to have removed 
all the sheep hemolysin. By stronger, eventually repeated, absorp- 
tion it will be possible to remove more antibody, but then the 
unspecific reaction will also become stronger, and that is not very 
desirable. 

The agglutination experiment shows quite the same proportion 
as the hemolysis experiment 

The last section of the Table represents a corresponding experi- 
ment performed with serum from a rabbit (R3i) immunized with 
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Table 2. 



R40 abs.with 0 ^ 50 j 

» » » » + prec. A » 
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» ” » » + » R59 ^ » 

» » » » + » R61 » 
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Examples of experiments illustrating the specificity of the precipi- 
tation method. 


sheep red corpuscles. This rabbit was not capable of developing 
sheep hemolysin after immunization with A blood corpuscles, 
whence that sheep hemolysin which formed after immunization 
with sheep blood coi'puscles contained no A antibody. (Therefore, 
no agglutination experiments were made with A blood corpuscles). 

This serum was absorbed with the same precipitates as serum 
R40, but in this e.xperiment quite uniform, weak absorption was 
observed. It must therefore be warrantable to presume that the 
4 precipitates have given rise to an unspecific fixation of tlic slicep 
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antibody. This unspecific fixation probably is due to simple adsorp- 
tion to the comminuted precipitate. 

Such slight, unspecific fixation is also observed when an immune 
serum is absorbed with serum precipitate from the same animal, 
as seen in Table 3. 


Tabic 3. 
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In this experiment serum from Rii is absorbed with precipitate 
both from the animal’s o\\'n scrum and from sera of 2 other rabbits 
(1146 and 1143). Whereas the precipitate from BIS affords very 
strong absorption, that of the other two animals is so faint that 
it must be considered xmspecific. 

The accuracy of the method is evidenced by the cxpcrimonl 
recorded in Table 4. 
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Experiment showing the accuracy of the precipitation method. 
Acti pith. Vol. xviii. in ^ 
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Serum from R42, which is immunized with A blood corpuscles 
is absorbed with precipitates of 5 portions of serum from R50 and 
of 5 portions of seruin from R51. After absorption, the unabsorbed 
serum and the 10 portions of absorbed serum were titrated oppo';ite 
sheep red corpuscles. From the Table it is evident that the preci- 
pitates from R50 afforded a faint, probably unspecific absorption, 
whereas those from R51 afforded strong absorption. However, the 
5 specimens from each serum virtually jdelded identical results. 

Thus, these experiments show that this method is so accurate, 
and that the difference between the faint, unspecific reaction and 
the strong, specific reaction is so great, that it must be applicable 
for demonstrating A antigen in serum. 

Now the first task will be to examine in what rabbits 
A antigen can be demonstrated in serum in this manner. 

In Table 5 a, b, c, d are recorded 4 experiments which 
comprise all the rabbits I disposed of at the lime when the 


Table 5 a. 


R44 abs.with 0 S61: 


R44 abs.with 0 + 

prec. 

R3 



» 

» 

)) 

» 

4* 

)> 

R8 

r>J 

» 

» 

)> 

?> 

» 

-f 

» 

Rll 

rvy 

)> 

» 

» 

» 


4* 

» 

R12 


» 

» 

» 

» 

» 

4" 


R20 


)> 

» 


)> 

» 

*4" 

» 

R21 


» 

» 

» 


» 

4 

» 

R23 



» 

» 

» 

» 

4 

» 

R24 


» 

» 

» 

» 

)) 

4 

» 

R27 


» 

» 

» 

» 

» 

4 

)> 

R28 


)> 

5) 

» 

» 

» 

4 

» 

Ro 

rs/ 

J) 

» 

» 

» 

)> 

4 


R14 


)> 

» 

» 

» 

}) 

4 

» 

R16 


» 

» 

» 

» 

» 

4 

» 

R18 

r-/ 

)> 


t/128 

1/256 

1/512 

1/102-t 

1/20-18 

1/.I096 

1/815)2 

22 

O 

100 

100 

100 

100 

100 

100 

80 

CO 

100 

100 

100 

100 

100 

100 

00 

40 

— 

— 

80 

80 

80 

60 

40 

20 

100 

100 

100 

100 

100 

60 

40 

20 

100 

100 

100 

100 

100 

80 

GO 

20 

100 

100 

100 

100 

100 

80 

60 

20 

100 

100 

100 

100 

100 

80 

40 

20 

100 

100 

100 

100 

80 

60 

40 

20 

100 

100 

100 

100 

80 

60 

40 

20 

100 

100 

100 

100 

100 

80 

40 

20 

100 

100 

100 

100 

100 

60 

40 

20 

100 

100 

80 

40 

20 

0 



100 

100 

100 

40 

20 

0 



100 

100 

100 

80 

40 

20 

0 


100 

100 

100 

40 

20 

20 

0 



•10 20 


20 0 
0 -) 

0 

20 0 
0 
0 

20 0 
20 0 
0 
0 


^l^iTixperiment partly failed, because the tube was broken, 
its content thus being spilt. 


i/o.s.'iao 



423 


Table 5 b. 
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Tabic 3 c. 
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Tabic 5 d. 
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The Table shows absorption experiments witli serum precipitates 
from all the animals tested in this manner. The precipitates from 
the different animals have either a very slight or a distinct ca- 
pability of binding the sheep hemolysin in an anti-A serum. 


experiments were carried out. 36 of the animals were tested 
opposite serum from R44, and 10 of them opposite scrum 
from R42. Both these animals were immunized wdlh A blood 
corpuscles. 

It is seen that, for each experiment, the Table is divided 
into 2 sections, the uppermost section comprising those rab- 
bits whose serum precipitate afforded but slight absorption, 
and the lowermost section comprising those affording stronger 
absorption. 

Now it is evident that the absorption recorded for those 
precipitates which are quoted in the uppermost sections of 
the Tables do not in any one case exceed what, according 
to the experiments, may be considered unspecific absorp- 
tion It is true that this absorption is not quite constant, 
partly because there is some difference between the different 
experiments — Table 5 b for example showing averagely 
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less unspcciric fixation than Table 5 d — and partly be- 
cause there is also some difference between the fixation of 
the several precipitates within the same experiment. Xor can 
it be excluded that this variation is partly due to a specific 
factor concurring in some cases, but it must he considered 
impossible with regard to these absorptions to distinguish 
more accurately between specific and unspecific absorption. 

On the other hand, looking at the absorption of those 
sera which are recorded in the second section of the Tables, 
it proves to be so strong in all the cases that it cannot be 
attributed to unspecific fixation alone, but it must be as- 
sumed that the fixation is due chiefly to these sera con- 
taining A antigen. However, the A antigen demonstrated in 
that way corresponds only to a part of the A antigen con- 
tained in human hlood corpuscles, namely, that part which 
is contained in sheep red corpuscles also. 

The difference between the two groups of rabbits is so 
groat that it must be warrantable to conclude that distinc- 
tion must be made between a group of rabbits with little 
or no A antigen in the scrum and a group of rabbits with 
distinctly demonstrable A antigen. 

How on comparing the distribution obtained in this way 
with that derived from immunization of the rabbits, which 
is described in a previous paper (Tables 1 and 2. p. 3-10). 
it becomes e^^dcnt that there is perfect agreement, for all 
those animals in ivliosc scrum no .1 antigen was detected 
were capable, after immunization, of developing strong sheep 
hcmohjsin, whereas none of those nyhosc serum contained 
A antigen ivas capable of producing such antibody. 

The same partition into two groups according to the ab- 
sorptive power of the precipitates was obscrx’cd in numerous 
experiments and on using different immune sera, whence it 
can he established that there docs exist a diffcrcnc in the 
A antigen content of the animals corresponding to their 
capability of developing antibody. 

On using different anti-A sera from different rabbits for 
absorption in these experiments it became evident that, 
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whereas some of these sera always were absorbed very 
strongly and specifically, others were absorbed very feebly, the 
absorption feus exceeding but very little the limit' for unspec- 
ific absorption. A similar difference was observed, when sera 
were used, which were taken from the same animal at differ- 
ent moments during the immunization. 

However, this difference in the capability of anti-sera of 
being absorbed was quite constant, regardless of what pre- 
cipitate was used, and it was also observed when the total 
A antigen, such as it is contained in A blood corpuscles, was 
used for the absorption. In Table 6 is recorded an experi- 
ment which shows that, by absorption with A blood corpusc- 
les, very little of the antibody contained in serum from R24 


Table 6. 
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Example showing 
are required for 


that different quantities of A blood corpuscles 
the removal of sheep hemolysin from different 
anti-A sera. 
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is removed, whereas the antibody contained in scrum from 
R42 and R44 is absorbed far more easily. 

These experiments indicate that a difference in the avidity 
of the antibodies is responsible for the absorption of anti- 
bodies in the different anti-A sera not being the same. 

In a previous paper it was described that the A antigen 
contained in human red corpuscles consists of several quali- 
tatively different fractions, one fraction thus being a Forss- 
man antigen proper which is found as a species-specific 
■property in all sheep and also in organs of guinea pigs. 
jNIoreovcr, some sheep contain other fractions of the A antigen 
in different quantities. 

That A antigen, which is demonstrated in rabbit scrum, 
corresponds, as was mentioned p, 425, to such A antigen as 
is contained in sheep red corpuscles, since absorption of sheep 
hemolysin was used for demonstrating it. Therefore; it is 
of interest to examine whether (1) this antigen corresponds 
both to that which, as a Forssman antigen proper, is con- 
tained in the blood corpuscles of all sheep, and to such A 
antigen as is contained in the blood corpuscles of some .sheep 
only, and (2) whether rabbit scrum may be found to con- 
tain A antigen which is not contained in sheep red corpus- 
cles; finally, (3) whether a qualitative difference can be de- 
monstrated in the A antigen content of the different sera. 

Whether rabbit sera can contain A aiitipcn ivhicli is also 
found as a species-specific property in the blood corpuscles of 
all sheep was examined in the following manner; An anti-.\ 
serum prior and subsequent to absorption with a number 
.of scrum precipitates was titrated with .sheep red corpuscles, 
which solely or chiefly contained this A antigen (S49). An 
example of such an experiment is recorded in Tabic 7. 

Whether rabbit sera can contain such A anliycns as are 
found — in grcaier or smaller qnanliiies — in the blood 
corpuscles of some sheep only was examined as follows; 
An anti-A scrum prior to absorption with the precipitates 
was absorbed with sheep blood corpuscles solely or chiefly 
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Table 7. 











1/32 


1/128 

1/256 

1/512 

1/1021 

1 

l/20tS 

1/109G 

R42 abs.with 0 





S49 

100 

100 

100 

100 

100 

80 

GO 

20 

» 

5> 

)> 

» 

+ 

prec. 

J\U 


» 

100 

100 

100 

80 

40 

20 

0 


)> 

)•> 

>> 




R4G 


i> 

100 

100 

100 

80 

GO 

20 

0 


}) 

J> 

» 


+ 

» 

R48 


» 

100 

100 

100 

100 

80 

40 

20 

0 

)> 

)> 



+ 

» 

R49 


» 

100 

100 

100 

100 

100 

100 

GO 

20 

» 

)) 

5> 

» 

+ 

» 

R50 


)> 

100 

100 

100 

100 

GO 

20 

20 

0 

)> 

» 

» 

5> 

+ 

5) 

R43 


» 

100 

100 

40 

20 

0 




)) 

J> 

)> 

5> 

+ 

» 

R45 


» 

100 

100 

GO 

20 

0 




» 

)) 

» 

)> 

+ 

» 

R47 


)> 

100 

100 

100 

CO 

40 

20 

0 


» 

» 

» 

)> 

+ 

» 

Rol 



100 

80 

80 

GO 

40 

20 

0 


J) 

1) 

)> 

» 

+ 

» 

R52 


» 

100 

80 

40 

20 

0 





Experiment showing that some rabbit sera contain such A antigen 
fractions ns are also contained in the blood corpuscles of all sheep. 
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Experiment showing that some rabbit sera contain those A antigen 
fractions which arc contained in the blood cor])usclos of some 

sheep only. 
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containing that A antigen which is common for all sheep 
(S49). Thereby the corresponding hemolysins arc removed, 
whereas those hemolysins, which correspond to the A antigens 
found in some sheep onlj', are left in the serum. Afterwards 
it is examined whether the precipitates are capable of re- 
moving these hemolysins. Such an experiment is recorded 
in Table 8. For the experiments recorded in Table 7 and 
Table 8 the same anti-A serum (R42) was used. Looking, 
at first, at the lowermost group in the Tables, it is seen that 
both experiments present distinct absorption, which is most 
pronounced in Table 8 however. The sera of these 5 rabbits 
thus contain such A antigen as is found in all sheep as well 
as such A antigen as is found in some sheep only. There 
is some difference in the absorptive power of the different 
precipitates; this is also evidenced by other experiments 
(Table 5), but it is scarcely possible to decide whether that 
is due to qualitative or quantitative differences. None of these 
animals was capable of producing sheep hemolysin after im- 
munization. 

In the uppermost section of the Tables a rather slight 
absorption is noted, but in Table 7 the absorption recorded 
for R44, R46 and — though in a somewhat lesser degree — 
R50 is so strong that it can hardly be considered to be solely 
unspecific. Tliis might indicate that these sera actually con- 
tained some of the »common« A antigen which is also found 
fin the blood corpuscles of all sheep. 

After immunization with A blood corpuscles all the ani- 
mals in the uppermost section developed strong sheep hemo- 
lysin, both corresponding to the »common« A antigen and to 
the »special« A antigen which is contained in the blood 
corpuscles of some sheep only. However, on examining the 
proportion — in the immune sera of these animals — be- 
tween these »common« and the »special« antibody fractions, 
it becomes e^^dent that there arc variations here, too, which 
correspond, at any rate in some degree, to the differences in 
the absorptive power of the scrum precipitates. 
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Table 9. 





CO 

1/128 

1/256 


1/1024 

1/2048 

1/4096 

1/8192 

R44 abs.with 0 


S49; 

100 

100 

100 

100 

60 

40 

20 

0 

» » )> » + S49 


S61; 

100 

100 

100 

100 

80 

.40 

20 

0 

R46 abs.with 0 

ru 

S49: 

100 

100 

80 

60 

40 

20 

0 


» >) » )> + S49 


S61: 

100 

100 

100 

100 

80 

60 

40 

20 0 

R48 abs.Avith 0 


S49: 

100 

100 

80 

60 

20 

20 

0 


» » » » -f S49 


S61: 

100 

100 

80 

60 

40 

20 

0 


R49 abs.with 0 


S49: 

100 

100 

80 

60 

40 

0 



» » » )> + S49 


S61: 

100 

100 

80 

60 

40 

20 

0 


R50 abs.with 0 


S49: 

60 

40 

20 

20 

0 




» » )> >> + S49 

rU 

S61: 

100 

100 

100 

60 

20 

0 




Experiments showing a qualitatively varying composition of the 
sheep hemolysin in anti-A sera. 


Thus in Table 9 are recorded titrations of antibody op- 
posite the »common« A antigens (titrated with S49 blood 
corpuscles) and of antibody opposite the »special« A antigens 
(titrated with S61 blood corpuscles after absorption of the 
serum wuth S49 blood corpuscles). The serum w'as taken 
when the animals had been immunized 5 times wnth A blood 
corpuscles. 

The Table shows that, both with regard to R46 and R50, 
the titer for the »common« antibody was much lower than 
for the »special« antibody, whereas these two titers were 
equally high -with regard to the other animals — and also 
R44. Examinations performed at other moments during the 
immunization revealed similar conditions. This indicates that 
the capability of R46 and R50 of developing antibody op- 
posite the »common« A antigen is relatively inferior, and 
that corresponds to the serum precipitates from these animals 
affording a fairly strong absorption of the »common« anti- 
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body; such an agreement is not found with regard to R44 
however. 

The experiment shows, however, that it can scarcely he 
assumed that the sera of those animals which, after im- 
munization with A blood corpuscles, are capable of developing 
sheep hemolysin, do not contain any A antigen at all. It 
must sooner be assumed tliat lhc 3 ' contain minor quantities 
which are not, however, able to prevent the formation of 
antibody but which arc able to influence its composition. 

Finally it was examined whether rabbit serum contains 
such A antigen as is not contained in sheep red corpuscles. 
This was done by absorption of an anti-A serum (R42) with 
sheep red corpuscles containing as much A antigen as possible 
(SGI). 

Even though one cannot be sure that blood corpuscles 
from this sheep have been able to remove all the antibodies 
opposite that A antigen which may be contained in sheep 
red corpuscles, it must be assumed that the remaining anti- 
body chiefly corresponds to that A antigen which is not con- 
tained in sheep red corpuscles. Afterwards this scrum was 
absorbed with different serum precipitates and, finallj', ti- 
trated in experiments of agglutination with A blood corpus- 
cles. 

Such an experiment is recorded in Table 10. Precipitates 
from R43, R45, R51 and R52, but not from R47, afforded 
a stronger absorption than the precipitates from the other 
5 animals, which indicates that the sera of these 4 rabbits 
contain this antigen fraction. However, the difference is not 
great, and no difference was found in other experiments. 

After immunization with A blood corpuscles virtually’ all 
the animals formed agglutinin opposite this antigen fraction 
though in verj' different quantities. Tliose animals, which 
produced no sheep hemolysin, formed but very little A ag- 
glutinin, whereas the other animals developed strong ag- 
glutinin opposite this fraction. 
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Table iO. 


1/16 1/32 1/64 1/128 


R42 ahs.with 0 + S61 + 
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+ 

+ 
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» 

» 

» + 

» 

+ prec. R44 


» : 

+ 
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0 

» 

» 

» 

» + 

}> 

+ 

5> 

R46 


» : 

-i" 

4- 

0 

» 

» 


» + 

» 

-1- 

» 

R48 


» : 

4" 

(+) 

0 

» 

» 

» 

» -(- 

» 

+ 


R49 


» : 

4- 

4- 

0 

» 

» 

» 

» + 


-1- 

» 

R50 


» : 

4- 

4- 

0 

» 

)> 

» 

» -t- 

» 

+ 

» 

R43 


» : 

4" 

0 


)> 

y> 


» + 


+ 


R45 

r-J 

» : 

4- 

0 


)> 

Y> 

» 

» + 

» 

+ 

» 

R47 

rsj 

» : 

4- 

4- 

0 

» 

» 


» 4- 

» 


)) 

R51 


» : 

4- 

0 


» 

» 

» 

» + 

» 

+ 

» 

R52 


» : 

4- 

0 



This experiment (Table 10) tends to suggest that there 
is a corresponding variation in the content of this A antigen 
fraction in sera, but reliable information in this respect has 
not been derived from these experiments. 


Conclusion. These experiments thus show that there is a 
difference in the A antigen content of rabbit serum, which 
corresponds to their different capability of developing anti- 
body after immunization. 

All those rabbits which, after immunization with A blood 
corpuscles, are capable of producing but little A agglutinin 
and no sheep hemolysin, present A antigen in serum; this 
A antigen consists chiefly — if not solely — of those frac- 
tions which are contained in sheep red corpuscles. 

On the other hand, the sera of those rabbits which, after 
immunization with A blood corpuscles, produce strong A 
agglutinin and sheep hemolysin, contain on the whole a very 
small quantity of or, possibly, no A antigen at all. Certain 
experiments indicate that these animals may contain a very 
small quantity of that A antigen which is also found in the 
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blood corpuscles of all sheep, and that such small quan- 
tities of antigen are responsible for even strong immune sera 
not having the same qualitative composition. 


Summanj. 

In a pre^^ous paper it was shown that rabbits according 
to tlieir capability of developing antibody after immunization 
witlr A blood corpuscles can be divided into two more or 
less equal groups, the animals of the one group only being 
able to produce very' little A agglutinin and no sheep hemo- 
lysin, whereas those of the other group produce strong A 
agglutinin and sheep hemolysin. 

In the present work it was examined whether the dif- 
ference in the capability of developing antibody is due to 
differences in the A antigen content of the sera of the 
animals. 

In these experiments the different sera after dilution and 
addition of acetic acid were heated to 80® C. Thereby strong 
precipitation was produced, and the precipitate was used 
for the absorption of an anti-A serum. 

Examinations of sera from 46 rabbits performed in that 
manner unmistakably revealed A antigen in 22 of them, 
whereas the sera of 24 other animals practically contained 
no A antigen. 

Comparison of the capability of these animals to develop 
antibody revealed that none of the first named 22 animals 
after immunization with A blood corpuscles was capable of 
producing sheep hemolysin, and that thej" were able to produce 
very little or no A agglutinin at all. On the other hand, all 
the other 24 animals Avhose serum on the whole contained 
no A antigen, produced strong A antibody. 

However, certain e.xpcriments indicate that the sera of 
these animals may contain a small quantity of that A antigen 
which, as a real Forssman property, is contained in the blood 
corpuscles of all sheep. 
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It must therefore be assumed that the cause of the dif- 
ferent capability of producing antibody detected in these 
animals is a constitutional difference in the A antigen con- 
tent of the sera. 
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DANSK PATOLOGFORENINGS 1. M0DE* ) 27/3-1941 
I K0BENHAVN. 


The first Meeting of the Danish Pathological Socictij, 
March 27, 19i1. 

Premiere seance dcs pathologistcs danois, Ic 27 mars 19^1. 

Erste ddnischc Palhologcntagnng am 27 Miirz 19^i1. 

H. C. Beiitlixen: Vber Valizinatio^i gegen liindcrbrticcUosc 
7nit Icbcndcn BruccUabalctcricn von gcschwiiclitcr Virulcnz. 

In 26 clironisch infizierten Bcstiindcii mil 3363 Milchkiihon wur- 

•) Dansk Patologforening, dci* er en Underafdcling af Novdisk 
Palhologforcning, har hidtil kun holdt Model’ i Fovbindelsc mod 
denne. Foreningen cr nu sluttet sammen med den path.-nnatomiskc 
Sektion af Dansk biologisk Sclskab og holder fremtidig .selvstccndigo 
Model'. Beferater af disse vil blivc offentliggjort i Acta pathologica 
ct microbiologica scandinavica. 

The Danish Patliological Society, whicli is a subsection of (ho 
Nordic Pathological Society, has heretofore held meetings only in 
connection with the latter. The Society is now united with the 
pathologico-anatomical section of the Danish Biological Society, 
and will henceforth hold independent meetings. Reports from such 
meetings will be published in Acta pathologica ct microbiologica 
scandinavica. 

Los pathologistcs danois, qui reprdsentent uiio subdivision dc la 
Soci6t6 de pathologistcs nordiquos, out jusqu'ici si6g6 conjointement 
avec CCS dernici’s. La Societd, s’etant reunic avec la section patlio- 
logique-anatomiquo dc la Societe dc Biologic danoisc, tiendra do- 
renavant des seances ind6pendan(cs. Les comptes rendus de cos 
s6ances scront publics dans Acta pathologica el microbiologica 
scandinavica. 

Der diinischc Pathologenvcrein, cine Unterabteilung dcs Nordi- 
schen Pathologcnvcrcins, hat bislang nur in Verbindung mil dic- 
sem getagt. Dor Vcrcin, der nunmehr mil dor jiath.-anatomischon 
Sektion der diinischen biologischcn Gesellschaft zusammcngcschlo.s- 
sen ist, wird ktinftighin sclbstiindigc Tagungen abhalten. Bericlite 
von solchcn werden in Acta pathologica ct microbiologica scan- 
dinavica orscheinen. 
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den Blutproben auf Agglutiningehalt untersucht. Folgende Serum- 
verdiinnungen; 1:10, 1:20, 1:40, 1:100 und 1:200 wurden angewandt. 
Tiere, die totale Agglutination in einer Verdiinnung 1:10 und dar- 
iiber zeigten, wurden als Reagenten (R) bezeichnet. Vakzination ist 
in einigen der Bestande (1267 Kiihe) systematiscli in der Weise 
durchgefuhrt worden, dass die Tiere als Parsen ungefabr 10—8 
Wocben vor Decken mit lebender Kultur geimpft wurden. 2096 
Kiibe sind nicM vakziniert worden. 



Anzahl 

jp.Ct. B 



Kiihe 



1 :40 


Nicht geimpfte Tiere 

2096 

44,4 

34,6 

11,1 

17,9 

17,9 18,5 

Geimpfte Tiere 

1267 

26,8 

15,9 

8,8 

18,2 

22,1 ■ 35,0 


Aus der Tabelle geht hervoi*, dass die Reaktionsverhaltnisse bei 
vakzinierten Kuhen sich viel gvinstiger gestalten als bei den nicht 
vakzinierten. Besonders ist die Anzahl von Reagenten mit boben 
Titern viel kleiner bei den geimpften Tieren. 

In einem der untersuchten Bestande, der 130 Milcliktihe enthielt 
und durch eigene Aufzucht erganzt wurde, sind die Parsen ca. 15 
Jahre liindurch systematiscli geimpft worden; in den letzten Jah- 
ren wurden die Parsen in einem Alter von 10 — 12 Monaten ge- 
impft. Dieser Bestand wurde jahrlicli ein- bis zweimal untersucht. 
Im Jahre 1937 wurden 23,3 % Reagenten, im Dezember 1940 nur 
6,5 % gefunden. 

Durch Impfung an Meerschweinchen liess sich feststellen, dass 
die Milch der Kiihe, die nur einmal gekalbt batten, keine Bru- 
cellabakterien als Polge der Vakzination enthielt. Nach Ausmerzen 
von 8 Reagenten mit hohem Agglutinationstiter im Laufe von 
1939 — 40 war die Mischmilch des Bestandes frei von Brucella- 
bakterien, jedenfalls konnten die Bakterien nicht durch Meer- 
schweinchenimpfung nachgewiesen werden. Der Bestand konnte 
zu der Zeit mit geringen Kosten unschwer ganz von Reagenten 
befreit werden. Indessen hat man bis jetzt noch nicht mit der 
Impfung nachgelassen, weil die Gefabr besteht, dass der Bestand 
von Nachbarbestanden neu infiziert werden konnte. 

Der benutzte Bakterienstamm hat in besonderen Meerschwein- 
chenversuchen einen ahnlichen Grad von herabgesetzter Virulenz 
gezeigt wie der amerikanische Stamm N 19 (Bendixen u. Jorgen- 
sen, Jahrbuch Kgl. Veterinar- und lantwirtschaftliche Hochschule 
1940, pag 80). Bei diesen Untersuchungen wurde konstatiert, dass 
der Verlauf der Infektion bei den vakzinierten Meerschweinchen 
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bcdeulcncl milder als bci nicht vakzinierten vcrlief, indem die 
Tcndenz zur Genemlisation und damit hohe Agglutinationstiter 
stark lierabgesetzt war. Dassclbe sclicint in iibnlicher ■\^'eisc boim 
Rind dor Fall zu sein, indem ein klcinercs Prozcnt der vakzinierten 
Tiere permanonfe Infektionen bekommen und damit wird die An- 
zabl der Bakterionaussebeider oder die Anzahl von Tieren mit 
dauernd hobem Agglutinationstiter wcsentlich lierabgesetzt. 

Systematisebe Vakzination in grosseren Bestiinden triigt dazu 
boi, dass die okonomiseben Verluste, welcbe die Brucellose vci-' 
ursaebt, bedeutend vermindert werden. Es hat sich aber aussor- 
dom gezeigt, dass die Anzabl A-on Kiiben mit dauernd bobom 
Agglutinationstiter sowie die Anzabl von Bacillcnausscbeidcrn 
stark vermindert wird, welcbcs fiir das Endziel: die Tilgung der 
Seuche, von wesentlicbcr Bcdcutung ist. 

Diskussion: J. Grskov, P. Kragb. 

Knud Sand und Harald Okkels: (jber die SlniUtiir des 
Uodens bci gc.ictzlich i;astriertcn Perxonen. 

Das diinisebe Gesetz tiber Zulassung zur Sterilisation und Ka- 
stration bat durcb die Bestimmung, dass operativ entfernte Hoden 
an das gcricbtsmediziniscbc Universitats-Institut einzusenden sind, 
mit sicb gcfiibrt, dass walu'ond der verlaufenen 12 .labre eine grosso 
Anzabl Iloden von — abgcsehen von der Sexualabnormifat — korper- 
licb moist gesunden Aliinnorn nacb und nacb zur bistologiscbcn Be- 
arboitung gcsammelt wurde. 

Unser Kontrollmaterial stammt von Sektionen durcb Unfall oder 
plotzlicb gestorbenor Aliinner, bzw. Selbstmdrdor, bei denen die Au- 
topsie sonst koine ausgesproebenen krankbaften Zustiinde zeigte. 

Bis zum Februar 19il sind 112 Paar Hoden von gesetzlieb Ka- 
striorten und 121 Kontrollboden mikroskopiert und besebrieben wor- 
don. Jodem Hoden wurdon 2 — i Gewebesebeiben winkclrccbt zur 
Lilngsacbse des Organs entnommen und aus jedcr Gcwcbescbcibe 
wurden viele Priiparato angcferligt, die rutinenmiissig mit Heidcn- 
bains Eiscnbiimatoxylin gefiirbt und danacb versebiedenen Spezial- 
metboden, insbesondore der Osmium- und Silberimpragnation iintcr- 
zogen wurden. 

Wir sind jetzt in unseror Forsebung so Avoit gekommen, dass wir 
die durcb Mikroskopie crzioltcn Ergobnisse dor Iloden von 200 In- 
dividuen, 100 aus jeder Kategoric, Kastraten, bzw. Kontrollcn, mit- 
cinandor vergleicben konnon. In unseror Zusammenstellung ist dor 
morphologiscbc Status dor beiden in biologiscber Beziebung spe- 
zifiseben GcAA-obekomponenten des Hodens ausgcdriickt; 1) Dor Zu- 
stand des iniratubnidren (spermatogenen) Epitbels; und 2) Dio Men- 
ge des spczifiscltci), mtcrliibuldren Gewebes; die Loydig-Zellen. 

23 


Aaa path. Vol. Ill 
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Die Beurteilung der liistologisclien Befunde der von unseren 100 
Kastraten und 100 Kontrollen lierriihrenden Hoden ergab, dass in 
der Kastratengruppe ein sicheres Dbergewicbt innerhalb der Grup- 
pen vorhanden ist, die wohl als pathologisch zu bezeichnen sind. 
Dieses Ubergewicht ist besonders ausgesprocben in den Gruppen, die 
die Mengenverbaltnisse der Leydig-Zellen ausdriicken. 

Bei Berechnung gibt das Kontrollmaterial einen Mittelwert, der 
einem individuellen Gesamtliodengewicht von 40 g. entspricht. Das 
durchschnittliche Gewicht der Kastratengruppe liegt ein wenig 
hoher. Betrachten wir das Material derartig eingeteilt, so zeigt sich, 
dass bei den kleinen Hoden ein Ubergewiclit innerhalb der Kastraten- 
gruppe mit Bezug aul die Reduktion der Spermatogenese vorhan- 
den ist; anscheinend ist dies auch der Fall, was die Leydig-Zellen 
anbelangt. Diese Ausschlage sind aber erheblich deutlicher, wenn 
wir die Gruppe der grossen Hoden betrachten. Schon dies diirfte 
wohl als ein Ausdruck dafiir betrachtet werden, dass die Abweichun- 
gen auf absoluten Verschiebungen beruhen. Wir glauben daher 
schon zum gegenwjirtigen Zeitpunkt nachgewiesen zu haben, dass 
in den Geschlechtsdriisen gesetzlich Kastrierter strukturelle Ande- 
rungen vorliegen, und zwar teils gekennzeichnet durch eine ver- 
haltnismassig starkere Verodung des spermatogenen Epithels — 
ganz besonders aber durch das tJbergewicht der Vermehrung der 
Leydig-Zellen in quantitativer Beziehung. 

Inga Scheibel: The Importance of Selection and Inbreeding 
on the Capability of Guinea-Pigs to Produce Diphtheria Antitoxin.') 

Among an incidental population of guinea-pigs previously 
employed in immunizing experiments with diphtheria anatoxin, a 
selection was made of males and females which had not produced 
measurable quantities of diphtheria antitoxin, and others which had 
produced ample quantities. The two series of animals were mutually 
mated, with the idea of obtaining a division into a good and a bad 
antitoxin-producing strain by means of selection and inbreeding. 
Their progeny (FI) were immunized with 10 FI. units of diphtheria 
anatoxin, and four weeks later a blood sample was taken by heart 
puncture; the antitoxin content in the samples was measured by 
intracutaneous titration on rabbits. For the F2 group a selection 
was made from the FI gi’oup of the good and the bad strains, taking 
those animals which had the highest and the lowest antitoxin 
content respectively. The same procedure was continued through 
five or six generations — as far as possible by mating brother and 
sister. 


*) The paper will be published later in extenso in Acta path, et 
microbiol. scand. 
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It was found that with the good strain the selection resulted in 
almost 100 per cent, of antihody-producers even in FI, and that this 
percentage continued practically unchanged through the generat- 
ions, though it was not possible to demonstrate any increase in the 
antitoxin titer, whereas the had strain revealed a gradual decrease 
of antitoxin producers from 54 per cent, in FI to 11 per cent, in F5 
and a corresponding fall in the antitoxin titer. 

These experiments justify the assumption that the capacity of 
producing diphtheria antitoxin and also the absence of that capacity 
as far as guinea-pigs are concerned are chiefly hereditary; they also 
indicate a predominance of the antitoxin-producing disposition. 

Discussion: 

Jobs. I p s e n, T. Kemp. 

Fridtjof Bang; Tivenly Cases of RcUciilosarcoma and a 
special form of this Tinnor (»ioitli Clear Cclls«). With a Histological 
Examination of 109 Malignant Tumors of Tonsils and Rhinopharynx. 

The material comes from the Radium Station, Copenhagen, from 
the period of 1930—40, and comprises 109 cases of malignant tumors 
of the tonsils and rhinopharynx in 78 men and 31 women. Of these 
tumors 52 originated from the epithelium of the mucous membrane 
(none of these tumors showed any cornification). Two of the tumors 
were transitional-cell carcinomata, 25 were lympho-epitheliomata, 
and 3 lympho-sarcomata; various other tumors were represented 
by 6 cases. Reticulosarcoma was represented by 20 cases (+ one 
that was somewhat doubtful). 

The classification of the reticulosarcomata is based on the dif- 
ferentiation between syncytial and dictyocytic foi'ms. Of the 
dictyocytic forms some were clear-cut, while in other cases there 
was an admixture of lymphocytes or plasma cells. No standpoint 
is taken as to the question whether this admixture is due to dif- 
ferentiation or to a sort of symbiosis. Attention is called to the fact 
that these forms resemble the changes encountered in mycosis 
fungoides, and it is reported that one of the patients with a tumor 
of the rhinopharynx was suffering from mycosis fungoides. The 
question whether the latter lesion be of neoplastic nature is men- 
tioned briefly. In two of the cases the tumors were polymorpho- 
cellular; one of these patients had also tumors of the small intestine, 
corresponding to the observations reported by A h 1 s t r 6 m. 

The syncytial reticulosarcomata appeared in two forms: 1) 
entirely syncytial, and 2) a particular form designated as )>reticulo- 
sarcoma with clear cells«. The latter form shows syncytial streaks, 
along the maigin of which there appear some large, round, clear 
cells with a central dark-staining nucleus, which often shows mitosis. 
The clear cells form notches in the syncytia. The nature of these 
cells cannot be established precisely. Also this form of tumor ap- 

29 * 
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pears in a »pure« form as well as with an admixture of other cells, 
especially dictyocytes, lymphocytes and Albertini bodies. In the 
latter cases the tumor is extremely rich in cells and nuclei, so 
that its appearance is quite in keeping with a designation some- 
times applied to reticulosarcomata, namely: a )>jumble of cells«. 
Among these cells it is possible, especially in very thin sections, to 
demonstrate the aforementioned peculiar round, clear cells. 

With Foot’s staining this form of tumor shows a large amount 
of reticular fibres, and invasive growth {e.g. into the adjacent 
musculature). 

The course of illness in patients with this form of tumor indicates 
— ■ at any rate, for the present — that the tumor is very sensitive 
to radiation. 

Two additional cases are mentioned, in which this tumor ap- 
peared in the form of ulcerations of the palate. 

Arne Gammelgaard: Uber Serumfalle. Ein Todesfall nach 
prophylaktischer Tetanusantitoxininjektion. 

Der Vortrag wird spater in Acta path, et microhiol. scand. ver- 
dffentlicht werden. 

Diskussion: 

J. 0 r s k 0 V, T h. Madsen, V. F r i e d e n r e i c h, L. H e e r u p. 

Carl J a k 0 b s e n; Ein Fall von Enter okys tom. 

Als Ursache von Ileus bei einer 24jahrigen Frau wurde ein wal- 
nussgrosses, intramurales Enterokystom gefunden, das etwa 30 cm 
von der Ileocoecalklappe entfernt auf der Mesenterialseite der Ileum- 
wand entwickelt war. 

Mikroskopisch erwies sich der Tumor zwischen den beiden Mu- 
skelschichten der Darmwand gelegen. Seine Wand hestand aus ty- 
pischer Dtinndarmschleimhaut, einer schwacheren und einer dicke- 
ren Schicht glatter Muskelfasern. Meistens waren eine Oder mehrere 
Schichten degeneriert und von einer Art Granulationsgewebe er- 
setzt. In der Nahe des Tumors fanden sich in der Darmsubmucosa 
mehrere kleine Cysten, die aus Dunndarmschleimhaut und einer 
Schicht glatter Muskelfasern aufgebaut waren. 

Die Enterokystome sind zum ersten Male im Jahre 1881 von 
Roth beschrieben worden; es liegen jetzt etwa 150 kasuistische Mit- 
teilungen vor; aus diesen geht hervor, dass die Enterokystome in 
der Darmwand von Pylorus bis Rektum entwickelt sein kdnnen, dass 
sie auch ausserhalb des Darms, zwischen den Blattern des Mesen- 
teriums, im Mediastinum, in der vorderen Bauchwand in der Nahe 
des Nabels und auch multipel auftreten kdnnen. Die Grdsse wird 
von Nuss- bis Mannerkopfgrosse angegeben. Das mikroskopische 
Bild ist sehr verschieden; gemeinsam ist die grdssere oder geringere 
Ahnlichkeit mit der Darmwandsti’uktur. 
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Betrcffs cles Ursprungs sind vielc Theorien aufgcstellt worden; 
jetzt sind die moisten Vei-fasser geneigt, die Enterokystome teils als 
tJberreste des Ductus omphalo-mesentcricus, teils als Abkoiumlinge 
von fotalen Proliferationcn des Darmcpithels zu botracliten. Die 
letztere Genese liat walirscheinlicli dor beobachtete Fall. 

Diskussion: 

P. Holler. 

H. C. Horab erg- Jorgensen: Zur Infcktion mil Sabnonella 
tijphi viurhim bei Gcinscn. 

Walirend Salmonellainfcktionen bei Euten inchrfach nachgewie- 
sen worden sind, sind Berichtc iiber das Vorkommen von Salmo- 
nellainfoktion bei Giinscn in Danemark ausserst spilrlich, speziell 
sclioint die Infektion bei ausgewaclisenen Giinsen friiher nicht nach- 
gewiesen zu sein. 

Bei der Untcrsucbung von 228 Blutproben von Giinsen auf cinem 
Gut in Jutland zeigten 10 positive H-Agglutination gegeniibcr Salmo- 
nella typhi murium und die serologischc Diagnose wurdc durcb 
Sektion und bakterielle Untcrsucbung von 2 der Rcagenten bestii- 
tigt. Bei der Sektion wurden verschiedene grbssere und kleincre, 
ctwas eckige Follikel mit teihveisc inspissiertcm Inhalt gcfunden, 
die durch ktirzere odor liingere Bindegcwebsstriinge mit dem Ova- 
rium Yorbunden waren; andere Follikel waren vollig vom Ovarium 
getrennt ocler lagen frei in der Bauchhdhle Oder wai-en durch Binde- 
gewebe mit Darmschlingen verwachscn. Der Scktionsbetund war also 
ganz analog dem, den man bei Salmonellainfektionen bei Enton und 
Hulinem crliebt. Trotz eingehender baktcriologischer Untcrsucbung 
gelang es nur in den patliologisch veranderten Follikeln, aber sonst 
in keinem anderen Organ Salmonella typhi murium nachzuweisen. 

In bczug auf die serologisclien Verhiiltnisse der isolierten Stam- 
me sei angeftihrt, dass sowohl VI als auch V 0-Antigen vorgefun- 
den wurde; kulturell waren die Stiimme u. a. dadurch charakteri- 
siert, dass sie langsam rhamnose- und inositvergiirend, d-Tartrat- 
negativ, Na-Citrat-negativ sowic Stern-positiv waren. 

Neben den Gansen hatte das Gut einen Bestand von 101 Huhnern, 
von denen 18 positive Seroreaktion gegcn Salmonella typhi murium 
gabon. Auf welchc Weise die Infektion auf dem Gut entstanden 
war, wurde nicht crmittelt; in den letzten 6 Jahren waren dort 
weder Bruteier noch Gefliigel cingckauft worden. Eine grossere 
Sterblichkeit wurde unter den Ganschen nicht beobachtet, obgleich 
in dor letzten Brutperiode mehr als 3000 Ganschen in 28 Brut- 
maschinen ausgebrtitet wurden. So viel man weiss, sind auf dem 
Gut keine Menschen mit der Krankheit angesteckt worden. 

Diskussion: 

Martin K r i s t e n s e n, H a r h o f f . 
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J. P. Sjolte; Primdre maligne Geschwillste in den Lungen 
bei Tieren. 

Es werden besonders die primaren Carcinome besprochen, da 
Sarkome so selteii sind, dass bier niclit naher auf diese einge- 
gangen wird. Im Sclirifttum sind im ganzen 85 Falle von primarem 
Carcinom in den Lungen besprochen, und von diesen sind 49 Falle 
naher beschrieben. Betrachtet man die Zeit von 1880 — 1940 in zehn- 
jahrigen Zeitabschnitten, so ist eine merkbare Steigerung der Hau- 
figkeit der beschriebenen Falle festzustellen. Die Haufigkeit ist 
am grossten beim Pferd und Hund, was wohl mit dem Milieu 
zusammenhangt, in welchem diese Tiere leben, da das Rind sie 
ja zahlenmassig ubertrifft. Doch muss angenommen werden, dass 
das Alter eine Rolle spielt — eine geringere Anzahl Rinder erreichen 
ein ebenso holies Alter wie Pferd und Hund. Aus der Tatsache, 
dass im Sclirifttum fast ausnahmslos Falle bei alteren Oder alten 
Tieren beschrieben sind, gelit hervor, dass das Alter eine Rolle 
spielt. Gber den Einfluss des Geschlechts gibt das Sclirifttum keine 
Auskunft, was mit Hinblick auf das Interesse, welches sich an die 
Feststellung der Haufigkeit des Vorkommens von Tumoren bei 
Kastraten kniipft, zu bedauern ist (Hormonstorung?). Anatomisch 
findet man entweder einen primaren Tumor mit oder ohne Meta- 
stasen oder primare multiple Geschwiilste. Bei Pferd und Hund 
herrscht ein einzelner primarer Tumor vor, bei Rind und Schaf 
multiple primare Geschwiilste. Histologisch wecliselt der Grad der 
Ausdifferenzierung des Geschwulstepithels sehr. 



443 


Das eigene Material des Verfassers umfasst 20 Falle: 9 beim 
Hund, 3 beim Pferd, 7 beim Bind und 1 bei einem Jaguar. An- 
sclieinend nimmt die Haufigkeit in den letzten Jabren zu. Alle 
Tiere waren alter Oder alt. Das Geschleclit schien dagegen keine 
Rolle zu spielen. Makroskopisch wurde das im Sclirifttum be- 
scliriebene Bild gefunden. Mikroskopiscli fand der Verfasser auch 
Carcinosarkome. In einem Falle hatte ein Carcinosarkom reine 
Carcinommetastasen in der Milz und reine Sarkommetastasen in 
den Nieren hervorgerufen. 

(Die Arbeit wird spater in extenso veroffentlicht). 

Lorentz Heerup: »Bactcriological Aiitofsicsx in Human 
Typhoid-Paratyphoid Infections. 

In animal experiments 0rskov and cooperators have sho-wn 
the probable )>mechanism of infections by aseptic autopsies with 
bacteriological examination of samples from blood and various 
organs from mice killed at varying intervals after oral infection 
with bacilli of the salmonella-group. 

By similar ^bacteriological autopsies« in cases of various mortal 
infections in man the author has tried to elucidate the course and 
actual state of infection. 

By »bacteriological autopsys is meant the absolutely aseptic 
taking of samples from blood, fluids and organs for aerobic and 
anaerobic bacteriological cultures with the organs in situ before 
the usual autopsy is performed. 

In this way 8 cases of typhoid-paratyphoid infection in man 
were examined, 3 cases of typhoid and 5 cases of paratyphoid infec- 
tion. 

In only 2 of these cases, both of them paratyphoid infections, a 
diffuse bacteriemic sepsis was found, with culture of h.paratyphi 
B from all the samples taken; in the one case the patient was a 
puerpera, in the other case (diagnostizised clinically as »cryptogenic 
sepsis«) a canalicular, suppurative pyelonephritis was found due to 
an obturating ureteral calculus. 

In the other 6 cases the infection was localized to certain organs 
of the reticulo-endothelial system (r. e. s), especially the liver, spleen 
and lymphatic glands. 

The »bacteriological autopsies« seem to indicate that the »me- 
chanism of infection« in man runs a similar course as in the 
animal experiments; 

The infection takes place from the intestinal tract where the 
microorganisms infect the lymphatic tissues and pass on to the 
mesenteric glands. 

From here they get access to the blood via the thoracic duct 
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causing an »initial bacteriemia« or a periodical or more constant 
wcyclic bacteriemiaw, during which they often can be cultivated 
from the blood or the roseola in vivo. The microorganisms are 
quickly captured and retained hy the r. e.s., — most constantly the 
spleen, the various lymphatic glands (probably also the tonsils) 
and the liver, — in a slighter degree also in the kidneys and the 
lungs, and so disappear from the circulating blood. 

In these organs the fight between the microorganisms and the 
infected organism is fought. Almost generally the r. e. s.-baiTiere of 
the liver is broken and the hile and the gallbladder gets infected. 
The infected bile reinfects the intestinal tract which meanwhile 
rather early has been cleansed from the microorganisms of the 
primary infection. Clinically it is often seen that the intestinal 
content on the 5th — 7th day of the infection does not contain any 
of the specific microorganisms hut does so on later examinations. 
In the same way the kidneys are assumed to behave like the liver. 

As a rule the infection is overcome by the r. e. s., eventually 
assisted by humoral factors, hut in other cases the resistence of 
the organism is lowered by various factors or a specific infectious 
focus is developped and then a secondary bacteriemia arises, — a 
real bacteriemic diffuse sepsis. 

This happened as mentioned in 2 of the reported cases, while 
the infection in the other cases was halted in the r. e. s. and 
death occurred as the result of hemorrhages or various secondary 
non-specific infections, especially pneumonias due to pneumo-, 
strepto- or staphylococci. 

The most constant and massive gro^^i,h of the specific micro- 
organisms was always found in the mesenteric glands and the 
spleen (not so constantly in the gallbladder), and it is therefore 
recommended to remove samples from these organs for bacteri- 
ological examinations under absolutely aseptic conditions before 
the exvisceration is performed in cases suspect for typhoid-para- 
typhoid infections. 

Discussion: 

0 r s k o V : It is a pleasure to see that laboratory work acquires 
practical importance. The mentioned investigations might be 
systematized both in human and veterinary medicine. Dr. H. forgot 
to mention the importance of the infection of the upper lymphatic 
glands. Thinks, as Heerup, that coli bacilli by »incarceration« give 
rise to general infection, for example in case of renal calculi. 


Svend Petri, Jens Bing, Ejnar Nielsen & Aage 
Kjerbye Nielsen: Deficiency of the aniipcrnicious anemia 
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principle in the livers of gastrcctomizcd hogs (clhiicothcrapeutical 
shtdy). 

Altogether 8 pernicious-anemic patients have hecn treated with 
liver extracts from one total-gastrectomized and three electively 
fundus-resected swine. This treatment lasted from 5 — 13 days; as 
a rule the daily dose was 5 cc., less frequently 2 cc. For control the 
patients were treated with ordinary hepsol (MCO), this treatment 
being given immediately after the discontinuance of the experi- 
mental. Also the antipernicious-anemic effect of extracts fi’om the 
liver of two normal swine was tested on 2 pernicious-anemic 
patients. 

Total gastrectomy performed on the pig 11 months before had 
brought about a complete absence of antipernicious-anemic principle 
in the liver. This confirms the findings reported by Bence and by 
Goodman, Geiger & Claiborn. 

In 3 pigs — with an observation period of 116, 258 and 379 days, 
respectively — elective resection of the fundus had also caused a 
marked reduction in, or complete loss of, the antipernicious-anemic 
principle in the liver. With these experiments there is demonstrated 
for the first time to exist a relation of dependency between the func- 
tion of the fundus region and the amount of specific principle in 
the liver. 

The view is advanced that the fundus of the stomach is as- 
sociated with a specific function of importance to the utilization of 
the extrinsic factor in the organism. 

Discussion: 

Sjovall thanks Petri and co-workers for the great work, 
which, according to the lecture, has progressed considerably. 
Queries whether further progress with regard to experimental induc- 
tion of pernicious anemia may be anticipated, since the animals, 
after deprivation of the antiperaicious anemia principle, merely 
incur a deficiency disease (expeidmental endogenous pellagra) but 
no real pernicious anemia, and whether the animals do not lack 
that property of reaction which liuman beings own. 

Petri thanks Sjovall for his remarks and intei-est as well 
as for previous assistance in examining the changes in the central 
nervous system of gastrectomized pellagrose experimental animals. 
Agrees with Sj. that, as yet, it has not been possible to induce 
typical pernicious anemia, even though the latest, very comprehen- 
sive ventriculo-intestinal resections on pups have given rise to a 
morbid condition strongly reminding of pernicious anemia. Is of 
opinion that the biological apparatus of the experimental animals 
is such as to render induction of experimental pernicious anemia 
possible under adequate experimental conditions. Reminds of the 
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fact that pernicious anemia in Man is observed exceptionally only 
after ventricle resections. The possibility must be taken into con- 
sideration that the prevailing conception of the causal relations 
of pernicious anemia is fallacious. 

J. 0rskov: Neue Untersuchiingen iiher die Genese der Blut- 
korperclien und Blutpldttchen. 

In einer friiheren Arbeit*) iiher denselben Gegenstand glaube ich 
den Wahrscheinlichkeitsbeweis gefiihrt zu haben, dass die Blutplatt- 
chen nicht von den Megakaryocyten gebildet warden, sondern mehr 
Oder weniger entleerte Normoblastkerne oder Bruchstiicke derselben 
darstellen. Besonders eine Reihe von Vergiftungsbildern, die durch 
kombinierte Anwendung von Pbenylhydrazin und Bleichlorid her- 
vorgerufen warden, Hessen sicb nacb meiner Ansicht auf keine 
andere Weise deuten. Ich babe spater diese Vergiftungsversuche 
mit genau dem gleicben Ergebnis wiederholt. 

In alien untersuchten Saugetieren, Mausen, Kaninchen, Meer- 
schweinchen, Pferden, Kiihen und Katzen, linden wir verschieden 
aussehende Normoblastkerne, entweder in Form einer intakten 
Kugel Oder eines mehr Oder weniger geteilten, fragmentierten Kor- 
pers, der 2 — 4, ja zuweilen 6 Kemteile reprasentiert. Bei dieser Frag- 
mentation nimmt die Kemmasse an Volumen oder Massigkeit nicht 
ab, und alle Angaben iiber intrazellulare allmahliche Auflosung 
des Kernes sind unrichtig. Falls der Kern intrazellular verschwin- 
det, kann es nur durch eine plotzliche totale Auflosung ohne Hin- 
terlassung der geringsten Spur morphologisch nachweisbarer Kern- 
reste geschehen. Wenn man bedenkt, ein Avie bastanter Korper der 
Normoblastkern ist, so ist diese letzte Erklarung ganz unAvahr- 
scheinlich. Neben diesen intrazellularen Kernen sehen Avir oft im 
Marke selbst nach schonender Pi’aparation eine gi’ossere oder gerin- 
gere Anzahl mehr oder weniger luxierter kugelformiger oder frag- 
mentierter Kerne. Ich nehme an, dass diese Kernluxation in dieser 
Form meistens ein abnormes Produkt ist, das indessen eine Tendenz 
zeigt, Avie sie keine anderen Markzellen besitzen. Bei dieser Kern- 
luxation entstehen keine Korper, die den Blutplattchen gleichen, 
und alle Versuche, die Blutplattchenbildung direkt zu verfolgen, 
Avaren vergebens. Bei der Katze ist es relativ leicht, sicb zAvischen 
den Zellkernen und den Blutplattchen einen Zusammenhang vor- 
zustellen, da die Blutplattchen der Katze mindestens doppelt so 
voluminos Avie die anderer Saugetiere sind. Aber erst bei den er- 
wahnten VergiftungsA'ersuchen, aa’o Avir eine abnorme Blutgenese 

*) Die Genese der roten Blutkorperchen und Blutplattchen bei 
Saugetieren. Folia Haematologica, Bd. 59, S. 145, 1938. 
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vorursachen, tritt der Zusammenhang zweifeisfrci zu Tage. Wir 
rufen luer cine starke Anamio liervor imd gleiclizeitig eine totale 
Veranderung der meisten neugebildeten Blutplattclien, indcm diese 
grosser und massiver werden und das Blutbild die gleiclimassigsten 
Obergange A-on intrazellular liegenden Kernen zu relativ entleerten 
Kernteilen zeigt, die an den rotcn Blutkorpercben festhangen, und 
weiter zu freien Blutpliittchen von Kerngi’osse bis herab zu kleinen 
Blutplattclien normalcv Grosse. Gleiclizeitig sielit man oft eine 
charakteristisclie Vakuolisierung, die sowolil Kerne wie Blutplatt- 
cben befallt, 

Eine weitere morpliologischc Erscheinung im Knoclienmark, die 
in dicser Bczieliung auffallig ist, ist die Tatsache, dass sich im 
normalen Knoclienmark immer erstaunlich wenig Blutplattclien 
vorfinden, ein Umstand, der im ersten Augenblick iibei’rasclit. Wenn 
man bei der Markpunktur in der Klinik oft viel Blutplattclien im 
Knoclienmark findet, so liegt dies davan, dass man bei dor Punktur 
eine Blutung liervorruft und dadurcb cine abnorme Anliaufung 
von Pliittclien erlialt. Dies erklart sicli wolil daraus, dass sicli die 
jiingsten Reticulocyten liinger im Knoclienmark auflialten als die 
neugebildeten Pliittclien. Bei gewissen Tioren, z. B. Milusen und 
Kaninclien, lessen sicli mit den angeivendelen teclinisclien Verfah- 
ren die Reticulocyten geringster Reife z. B. in Formolpraparat 
direkt.an ihrer Form nacliweisen. Sie sind unregelmassig gebogen, 
wie ein gcdreliter Tcigkloss, odor wie ein >>Knotcn«, wie Lisa 
B 0 s t r 0 m es nennt. Man fulilt sicli versuclit, in diesen Fallen 
von Markreticulocyten zu spreclien. Im iibrigen sclieint Grund fiir 
die Annalime vorzuliegen, dass die Zalil der Reticulocyten im peri- 
plioren Blut mogliclicrweise unabliiingig ist von den vom Knoclien- 
mark ausgestossenen Blutkorpercben, da man sicli vorstellen kann, 
dass die Aufentlialtszeit der Reticulocyten im Mark betracbtlicli 
variiert. Mit geeigneter Teclinik ist es moglicli, die Reticulocyten 
je nacli der Menge von gefarbtem Netzwcrk in die 3 Gruppen I, II 
und III einzuteilen. Gruppe I repriisentiert die roten Blutkdrper- 
ciien, die nur ausserst sparliclie Netzzeiclinung entlialten, Gruppe 
III zeigt ein grobes Netz, das oft die ganze Zello ausflillt, und 
Gruppe II liegt in der Mitte zwisclien den ersten beiden. Beim Aus- 
zalilen der verscliiedenen Typen findet man eine gleiclimassige Ver- 
teilung im periplieren Blute, walirend Typus III das entsprecliende 
Blutbild im Knoclienmarke ganz belierrsclit, wobei zugleicli im Kno- 
clienmarke der prozentisclie Anteil im Marke immer iveit grosser 
als im Blute ist. Dies lasst sicli nur so deuten, dass die jiingsten 
vom Kerne befreiten roten Blutkorpercben eine gewisse, vielleiclit 
sehr variable Aufentlialtszeit im Knoclienmarke liaben, ebe sie in 
das periphere Blut iibergeben, und dies heisst wieder, dass sich die 



448 


Blutplattclien im Knoclienmarke nicht so lange aufhalten wie die 
neumodelliei'ten roten Blutkorperchen. Die Folge davon ware natiir- 
licli, dass die Blutplattchen in einem zufalligen Markpraparat rela- 
tiv sparlicli vertreten waren im Vergleich mit den vorhandenen 
roten Blutkorperchen. 

Teclinik: Fixierung und Aufschwemmung von Mark und Blut 
in 10 % Formolsalzwasser. pjj 7,6. 

Reticulocytdemonstration: Aufschwemmung in folgender Fliissig- 
keit: Homologes Serum 1 Teil, physiologisches Salzwasser 9, Gly- 
zerin 0,25 Teile. Farhung mit Brillantkresylblau. Etwas Farbpul- 
ver wird in physiologischem Salzwasser aufgeldst und ein pas- 
sender Tropfen dem Suspensionstropfen auf grossem Objektglas 
zugesetzt. Der Farbzusatz muss je nach dem Praparat so abge- 
stimmt werden, dass keine nennenswerten extrazellularen Ausfal- 
lungen stattfinden. Bedeckung mit grossem Deckglas. Kerndar- 
stellung: Zusatz von 1 % Salzsaure. 

Diskussion: F a h r a3 u s arbeitet in Upsala mit den namlichen 
Problemen. Die INIarkreticulocyten agglutinieren nicht mit den 
ubrigen Blutkorperchen. Sie treten besonders nach Blutungen auf. 
Die Markreticulocyten sind die ersten Indikatoren der Blutregene- 
ration. Sie sind am hesten in frischem Blut zu sehen. »Das Netz« 
bewegt sich. 

0 r s k 0 V dankt F&hrffius. Die Markreticulocyten werden im 
peripheren Blute nur bei jungen Tieren angetroffen. 

P 0 u 1 V. M a r c u s s e n : Erzeugung von Tlirombopenie und 
Megakargocytose dutch experimentcUc Eolycytdmie, ein Beitrag zur 
Belcuclitung der Blutpldttchcnbildung. 

Der Zweck der vorliegenden Vorsuchsreihe war, zu untersuchen, 
inwieweit zwischen der Erythro- und der Thrombopoiese eine feste 
Beziehung besteht. Als Methode wurde experimentelle Polycytamie 
bei Kaninchen angewandt, die durch tagliche Transfusionen von 
gruppenvertraglichem Blut hervorgerufen wurde. Bei den drei Ver- 
suchstieren trat in 2 — 3 Wochen, nach einer voriibergehenden 
Thrombocytose, eine ausgepragte Tlirombopenie ein, bei einem der 
Versuchstiere mit einer erhohten Blutungstendenz aus Venenlasio- 
nen. Der Grad der Tlirombopenie zeigte eine direkte Abhiingig- 
keit von der Polycjdamie, die erstere trat jedoch etwas spater 
ein. Die Thrombocytenkurve verlief in groben Ziigen parallel mit 
der Anzahl der erythrogenen Zellen im Knochenmark, sodass die 
Tlirombopenie gleichzeitig mit der maximalen Reduktion der 
Normoblastenzahl im Knochenmark eintrat. Wahrend der Throm- 
bopenie war die Zahl der Megakaiyocyten im Knochenmark stark 
vermehrt, und ebenso die Zahl der myelogenen Zellen. Die Ver- 
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suclie deuten auf eine nahe Bezielmng z^vischen der Erythro- und 
der Tlirombopoiese hin und lassen sicli ohne Schwierigkeit von 
den Gesichtspunkten aus erklaren, die 0rskov geltend gemacEt hat, 
wogegen sie nach den bisherigen Erfahi’ungen des Verfassers nicht 
mit Wright’s Blutplattchentheorie in Ubereinstimmung gebracht 
werden konnen. 

Diskussion; L i n d a u betrachtet M.s. Methode mit den weder- 
holten Injektionen als elegant. Findet es auffallend, dass die 
Theorien so gut zutrcffen. Die Ergebnisse bestatigen 0rskovs 
Tbeorie. Die Frage muss wiederaufgenommen werden. Die Mo- 
gakaryocytentheorie ist in den letzten Jahren alleinhorrschend 
gowesen. Man muss mit Orskovs und Marcussens Theorie weiter- 
arbeiten. 

Gormsen: Untersucht man das Sternalpunktat von Pa- 
tienten mit Thrombopenie, so findet man die Megakaryocyten- 
zahl erhoht. Bei Normalen sind im Protoplasma von etwa 25 % 
der Megakaryocyten Blutplattchenelemente enthalten, bei Throm- 
bopeniepatienten weniger. Nach Splenektomie nimmt die Zahl der 
Wriglit’scben Figuren in den folgenden Tagen zu. 

Petri begliickwunscht den »Konzern 0rskov-Marcussen« zu 
den XJntersuchungsergebnissen, die besonders crfreulich seien fiir 
den der seit Jahren als einziger behauptet babe, Wrights Tbeo- 
rie sei falsch. Viele, insbesondore italienischc Untersucher ha- 
ben sich die Ahniichkeit zwischen der Protoplasmastruktur der 
Megakaryocyten und der Blutplattchen und der Adhaesion der 
BlutpUittchen an die Megakaryocyten (in A^isstrichprciparaten) fur 
die Wrigth’sehe Theorie zunutze gemacht. Unter Hinweis auf die 
mannigfache traditionelle Art und Weise, in der die numerische 
Nichtubereinstimmung im Laufe der Zeit wegerklart u'orden ist, 
empfiehlt Petri, eine Differentialzahlung der Megakaryocyten {in 
Schnittprdparaten) besonders im Hinblick auf die Zahl der Wright’- 
schen Figuren auszufiihren. 

0rskov empfiehlt Dr. Gormsen, das Sternalpunktat von 
chirurgischen Patienten, bei denen Knochen entfernt worden sind, 
zu untersuchen. Wenn es den Experimenten entspricht, werden 
wenig Blutplattchen vorhanden sein. Es ist nicht zu vergessen, 
dass die Megakaryocyten das labilste Element im Organismus 
sind. Es sind oft Kunstprodukte. 

M a r c u s s e n dankt Lindau, Peti'i, Gormsen und lenkt die 
Aufmerksamkeit darauf, dass 3 Versuche nur einen vorlitufigen 
Bericht gestatten. Die Megakaryocyten lassen sich in Schnittpra- 
paraten schwer zjihlen. Das Material ist zu klein, um endgiiltige 
Riickschliisse daraus abzuleiten. 
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F. K a u f f m a n n ; Zur Serologie der Dysenterie Flexner- 
Gruppe . 

Es wurden serologisclie Untersucliungen an den Typen A, D 
und H von Kruse, sowie den englischen Typen VZ, WX, W, Z 
und Hiss-Russell Y ausgefuhrt, um zu einer praktiscli brauch- 
baren Typendifferentialdiagnose zu gelangen. In Bestatigung der 
Literaturangaben wurde festgestellt, dass der VZ-Typ zum A-Typ, 
der Y-Typ zum D-Typ und der Z-Typ zum H-Typ gehoren. Durch 
gekreuzte Absorptionsversuche wurden die Antigenformeln der ver- 
bleibenden 5 Typen ermittelt, die folgendermassen lauten: 

Flexner A = 1, 2, 4, 5, 7 
>. D = 1, 3, 5, 8 

» H = 1, 2, 4, 6 

» WX = 1, 3, 4, 6 
» W = 1, 4, 5, 7. 

Zur praktischen Typendiagnose mit Hilfe der Objektglasagglu- 
tination eigneten sich 3 absorbierte Seren, namlich ein 2-Serum 
(Serum A mit Kultur W absorbiert), ein 3,8-Serum (Serum D mit 
Kultuv A absorbiert) und ein 5,8-Serum (Serum D mit Kultur WX 
absorbiert), die folgende Resultate ergaben: 


Typ 

Faktoren-Seren 

2 

3,8 

5,8 

A 

1 

++ 

1 

+ 

D 

— 

++ 

++ 

H 

++ 

— 

— 

^YX 

— 

++ 

— 

W 

— 

1 

+ 


Es besteht kein Zweifel, dass — genau so wie in der Salmonella- 
Gruppe — nur die konsequente Durchfiihrung serologisclier Unter- 
suchungen die Differentialdiagnose in der Flexner-Gruppe klar- 
stellen kann. Mit Hilfe kultureller Methoden miissen dann die ein- 
zelnen SerotjqDen in verscliiedene Vergiirungstypen eingeteilt wer- 
den. 

Es wird auf die Bedeutung der Serotypen fiir die Widal-Re- 
aktion und die Herstellung von Vakzinen hingewiesen. 

Tage Kemp: Bine dimere crbliclie Krankheit bei Mausen 
(mit Filmdemonstration). 

Wird spater in Acta path, et microbiol. publiziert werden. 
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bazillen (durcli Hitze abgetotet und in Paraffinol aufgeschwemmt) 
immunisiert, einer Infektion mit lebenden Tuberkulosebazillen aus- 
gesetzt wurden. 

Ferner warden Untersuchungen iiber die Impftuberkulose der 
weissen Ratten mitgeteilt, bei denen keine nattirliche Tuberkulose- 
immunitat besteht, sondern bei denen das eigentiimliche Verhalten 
gegentiber der Tuberkuloseinfektion auf den Zustand ihres Makro- 
pbagen-Systems, das unter der Wirkung der latenten Infektion 
mit Bartonella muris ratti stebt, 'zuruckzufiihren ist. 

Es folgen dann »Studien fiber die Organwalil der Tuberkulose«, 
nach denen die Unempfanglichkeit der Meerschweinchenniere fiir 
Tuberkulose durch Injektion eines Antinierenserums durclibrochen 
wird. 

Es ist im Rahmen eines kurzen Referates nicht moglicb, alle 
in Betracht kommenden und von Kallds erbrterten Tuberkulose- 
Probleme zu diskutieren, so dass auf die eigene Lektfire dieses an- 
regenden und wertvollen Buches hingewiesen werden muss. 

F. Kauffmann. 
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It was in 1847 that D. C. Danielssen and C. W. Boeck 
published their classical monograph »Om Spedalskhed« 
— On Leprosy — which was destined to play a fundamental 
role in the modern scientific investigation in leprosy. This 
work presented for the first time a clear description of the 
clinical and histo-pathological picture of leprosy. In regard 
to the etiology of the disease, this work maintained the here- 
ditary transmissibility or hereditary dyscrasia of leprosy. 

Armauer Hansen in 1868 became resident physician of 
Lungegaards Hospital at Bergen, where Danielssen was physi- 
cian-in-chief. During this service he very soon became a fierce 
opponent of the Danielssen-Boeck hereditary diathesis hypo- 
thesis. Aided by histo-pathological leprosy investigations in 
and clinical observations of the course of the disease, Armauer 
Hansen became thoroughly convinced that leprosy is a con- 
tagious disease which necessarily must have a specific cause. 

Bacteriology was then in its very beginning and the bac- 
teriological technique was but little developed. However, Ar- 
mauer Hansen succeeded in demonstrating rod-shaped bodies 
in leprous nodules. These microorganisms could be stained 
dark with osmic acid. In his 1874 publication, which appeared 
as a supplement to »Norsk Magazin for Lsegevidenskahen<(., 
he is exceedingly cautious. He concludes that he has encoun- 
tered, in leprous nodules, bacteriform elements which pos- 
sibly are the poison he presumes to be the cause of the disease. 

When Weigert and Koch had discovered new methods 
for staining bacteria, Armauer Hansen attempted at once 
to stain his lepra bacilli by their methods. During these 
staining operations, Neisser arrived at Bergen in 1879 to in- 
vestigate leprosy. Armauer Hansen demonstrated for him his 
findings in the hope that Neisser, who came directly from 
Breslau where Weigert and Koch had developed their staining 
methods, could possibly aid him. But the staining of his lepra 
bacilli failed also in the hands of Neisser. Armauer Hansen 
then presented Neisser with a great many sections of leprous 
material which this author look with him to Breslau. Here 
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Neisser succeeded in staining the lepra bacilli. Immediately 
he set about to publish an article on the specific bacterial 
cause of leprosy. In the meantime, Armauer Hansen also suc- 
ceeded in staining his lepra bacillus after Robert Koch had 
advised him to prolong the staining process. This is the back- 
ground of the earlier description of the lepra bacillus as the 
Hansen-Neisser bacillus. But in view of the fact that Armauer 
Hansen had discovered the lepra bacillus in 1873 — six years 
before Neisser — the name of the latter has subsequently 
been eliminated from the nomenclature of the Mycobacterium 
leprae. At the First International Lepra Congress at Berlin in 
1897, Armauer Hansen was unanimously declared to be the 
discoverer of the lepra bacillus. 

Armauer Hansen^& discovery necessarily brought about a 
change not only in the conception of the cause of leprosy, 
but also in the manner in which the disease could be brought 
under effective control. In 1875 Armauer Hansen became 
physician-in-chief for the lepers in Norway, a position he held 
until his death. In this capacity he elaborated proposals for 
legislative reforms. In close agreement with the ideas he 
advocated with regard to the contagious nature of the dis- 
ease, all subsequent legislation in behalf of the lepers in Nor- 
way has been evolved. The Norwegian leprosy law of 1877 
and the re-inforced law' of 1885, are the fruits of his indefati- 
gable endeavours. 

According to the latter law', lepers may be ordered by the 
health authorities to live in precautionary isolation from their 
families and immediate surroundings. Exceptions have been 
made for married couples who desire to live together. If 
the health authorities find that these regulations are not com- 
plied w'ith, they may order the recalcitrant leper to be iso- 
lated in a state leprosy asylum, if necessary w'ith the aid 
of the police. Thus the law? of optional compulsory isolation 
permitted the leper to live at home provided he observed the 
precautionary regulations. In spite of this leniency, the law’ 
roused violent opposition, and it was even insinuated that 
the leper law' placed the diseased in a class w'ith criminal con- 

so* 
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victs. However, in view of the excellent results derived from 
these precautionary health regulations, the opposition against 
the law gradually ceased entirely. The following statistics 
illustrate the rapid decrease of leprosy in Norway: 


Year 

Number of lepers 

1875 

1752 

1885 

1195 

1895 

688 

1900 

577 

1910 

326 

1920 

160 

1930 

69 

1941 

26 


Owing to his elucidation of the nature and of the specific 
cause of leprosy, Armauer Hansen’s endeavours to gain con- 
trol of the disease, that terrible and justly dreaded affection 
which, in his youth, was widely spread throughout Norway, 
now, a century after his birth, is nearly stamped out. 

The Norwegian leprosy law has served as a model for 
leprosy legislation in many other countries. Its influence has 
asserted itself W'herever attempts were made at suppressing 
the disease. 

Armauer Hansen received numerous proofs of appreciation. 
On the occasion of his sixtieth birthday, in 1901, his portrait 
bust, to which colleagues and friends in several countries had 
contributed, was unveiled in the gardens of the Bergen Mu- 
seum. In 1909 Armauer Hansen presided over the Second In- 
ternational Leprosy Congress held at Bergen. He was made 
honorary doctor by the University of Copenhagen, and hono- 
rary or corresponding member of a series of scientific societies. 

Armauer Hansen died on February 12, 1912, during a pro- 
fessional journey to Floro near Bergen. An active and meri- 
torious life devoted to science for the benefit of humanity 
thus came to an end. 


Th. M. Vogelsang. 
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ON THE NATURE OE GONADOTROPHIN 
IN CASES OF MALIGNANT TUMORS 
OF THE TESTIS *) 

By Christian Hamburger. 

(Received for publication December 22nd, 19-iO). 

In the last decade, gonadotrophin determinations on the 
urine have been adopted as a routine method of examination 
in cases of tumors of the testis, and there can be no doubt 
that demonstration of gonadotrophin in the urine may be of 
great significance to the diagnosis as well as to the prognosis. 
Unfortunately, most investigators have paid attention merely 
to a quantitative determination of the gonadotrophins, with- 
out making any attempt to estimate the particular nature 
of the hormone. 

With our present knowledge of their biology, the gonado- 
trophins may be divided into three main types: 

1) Chorionic gonadotrophin, the gonadotrophic hormone from 
the urine, blood and placenta of pregnant women. Inter- 
national standard preparation available. 

2) Gonadotrophin from pregnant mares’ serum, from the 
blood and endometrium of pregnant mares. An inter- 
national standard preparation of this hormone is avail- 
able too. 


*) Lovens kemiske Fabrik, Copenhagen, has generously placed 
large amounts of Physex, Antex and Follicle-stimulating Hormone 
at my disposal for the studies here presented. 
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3) Hypophysial gonadotrophin, which is hardly one hormone, 
hut probably composed of a follicle-stimulating (game- 
tokinetic) factor and a luteinizing (interstitial cell-stimu- 
lating) factor. In the absence of gonadic function, man 
and several animals excrete with the urine a hormone 
that is to be considered identical with the follicle-stimu- 
lating factor from the hypophysis. 

The significance of qualitative gonadotrophin determina- 
tion in cases of malignant tumor of the testis has been em- 
phasized in particular by Bang, Hamburger & Jens Nielsen 
(1933 — whose studies showed that some 
testicular tumors — the X-ray-resistant »mixed epithelioma«, 
often containing syncytial cell elements — produce them- 
selves a gonadotrophin that is identical with the chorionic 
gonadotrophin of the pregnant female organism, while other 
testicular tumors (especially seminomata, which, as a rule, 
are sensitive to X-ray treatment) are not hormone-producing 
by themselves, whereas for some reason, still obscure, they 
give rise to excretion of hypophysial gonadotrophin, just like 
in castrates. 

So far only a few occasional reports have been given of 
studies aimed especially at the question about the nature 
of the gonadotrophin in malignant testicular tumors. Gerber 
(1933)^“) and Zondek (1935)^®) and others, it is true, have 
pointed out the fact that in some testicular tumors only 
follicle-stimulating hormone is excreted, while in others there 
is also an excretion of luteinizing hormone, but the gonado- 
trophin, has not been analyzed further. 

Evans et al. (1933)®) examined the urine in a case of 
embrymnal carcinoma of the testis. The urine contained 
50,000 M. U. of gonadotrophin per liter, and this gonado- 
trophin was found to be of a particular type, as in some 
respects it behaved like chorionic gonadotrophin, in others 
like hypophysial gonadotrophin. Two other cases with up to 
one million units of gonadotrophin per liter of urine gave 
a similar mixed reaction (Evans & Simpson, 1935)“*), but 
here this feature was found to be of quantitative nature, as 
also »pure« chorionic gonadotrophin gave the same reaction 
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when administered in equally large doses (Evans, 1936)®) so 
that in these cases the gonadotrophin had to be looked as 
identical with chorionic gonadotrophin. 

Main & Leonard (1934)*“) analyzed the urine of a man 
with teratoma testis and found — as it seemed, at that time 
— a peculiar gonadotrophin which now \vith a fair degree 
of certainty may be identified with the hypophysial gonado- 
trophin in castrate urine. Fluhmann & Hoffmann (1934)®) 
were able after three different methods of examination to 
characterize the gonadotrophin in urine from a patient with 
teratoma testis as being chorionic gonadotrophin. A similar 
case has been reported by Freed & Coppock (1935).®) In their 
first paper on hormonal analyses on 33 patients w'ith ma- 
lignant testicular tumors, Hinman & Pow’ell (1935)*®) laid 
particular stress upon the biological nature of the hormone, 
but in a subsequent work by Powell (1938)*®) the entirely 
quantitative gonadotrophin determination %vas made the basis 
for a classification of the testicular tumors. Finally, Fevold, 
Fiske ctNathanson (1939)*) examined the urine of a man with 
a chorionepithelioma of the testis. Tlie hormone, of which 
the urine contained about 1 million R. U. per liter, was iden- 
tical with chorionic gonadotrophin (tested on normal female 
and male rats, on hypophysectomized female rats, and on 
pigeons). 

As only a few cases have been reported so far, an account 
will be given here of several cases of malignant testicular 
tumors in which the examination was aimed especially at a 
further analysis of the nature of the gonadotrophin. From 
our material, Avhich now comprises more than 150 cases of 
testicular tumors in which hormonal analysis, I shall pick 
out preferably the cases for which complete dose-response 
curves have been obtained on infantile female rats. 


I. Cases with Excretion of Chorionic Gonadotrophin. 

Chorionic gonadotrophin has in itself merely a limited 
effect on the ovaries, but in connection with hypophysial 
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gonadotrophin it produces — especially in rodents — maturing 
of follicles (with secondary oestrous changes) and corpus 
luteum formation; but these effects do not appear in hypo- 
physectomized animals. In normal infantile female rats the 
smallest effective doses give oestrous changes in the vagina 
(cornification) and enlargement of the uterus. On adminis- 
tration of somewhat larger doses, mature follicles appear in 
the ovaries; and with a greater dosage several of these fol- 
licles are transformed into corpora lutea. Still, the number 
of stimulated follicles is rather limited (in contrast to the 
results obtained with mare serum and hypophysial gonado- 
trophin), and the w^eight of the ovaries is increased but little. 
On graphical plotting of the ovarian weight increase the curve 
is seen to reach a plateau rather rapidly, and for a good many 
years it was an established dogma that chorionic gonado- 
trophin was not able to stimulate the ovarian weight to more 
than 3 — 4 times the ovarian weight of the control animals. 
But, Evans & Simpson (1935)^) and Evans (1936)®) showed 
that when rats were given about 10,000 times the minimal 
effective dose, the ovarian w'eight rose rather abruptly (see 
Fig. 1). This form of reaction curve for chorionic gonado- 
trophin is confirmed by the experiments reported below: 

1) A highly purified chorionic gonadotrophin preparation, 
itPhysex 1938^, with about 63,000 I. U. per gram (diluted 
with lactose) . Dose-response curves were worked out for the 
uterine and ovarian weights in rats, 26 — 28 days old. In this 
and the following experiments the dose was divided into 5 
equal injections given in 48 hours, and autopsy was performed 
about 100 hours after the first injection. The ovaries and 
the emptied uterus were weighed in fresh condition. The 
lowest examined dose of »Physex 1938« was 0.00078125 mg.; 
then the dose was doubled continually to the highest dose, 
204.8 mg. Thus the greatest dose was about 256,000 times 
larger than the smallest. The outcome is seen in Fig. 2, where 
each point on the curve represents the average result from 
5 — 8 rats (a total of 130 rats were employed for this curve). 
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CHART I. 



Fig. i. 

Dose-response curves for different gonadotrophins. The two lower 
show the form of the ovarian weight curves for chorionic gonado- 
trophin. (After Evans, (1936®)). 



Fig. 2. 

Dose-response curves for uterine and ovarian weights in infantile 
rats treated %vith the chorionic gonadotrophin »Physex 1938«. (The 
average weight of the organs is plotted along the axis of ordinates, 
the total dose in logarithmic scale along the axis of abscissas. The 
arrow marks the place for 1 international unit of cliorionic 
gonadotrophin). 
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2) Chorionic gonadotrophin preparation, »Physex 39038«, 
^\^th about 20,000 R. U. per gram (diluted wth lactose). This 
preparation was tested in doses from 1/200 mg. to 100 mg. 
with rather large intervals in the dosage; 4 — 5 rats were used 
for each dose, altogether 32 rats. The curves are shown in 
Fig. 3. 



Fig. 3. 

Dose-response curves for uterine and ovarian weights in infantile 
rats treated with the chorionic gonadotrophin »Physex 39038«. (For 
additional explanation, see the legend of Fig. 2). 


3) Urine of a patient with metastases of mixed epithelioma 
of the testis. 

Case Record: P.U. D., aged 28, with a past history of good 
health. In August 1938, pain in the left testis, which felt enlarged. 
No treatment for 6 weeks, dui’ing which period the testis did not 
increase in size. Adm. to Dep. A., Bispebjerg Hospital. 8/10 — 38; 
Hemicastration, on the left side. The testis consisted of a walnut- 
sized tumor, which on section was greyish-yellow in colour, with 
small nodular areas in the tissue and small hsemorrhages. Mi- 
croscopic diagnosis: Mixed epithelioma of the testis (F. Bang). X-ray 
treatment in the Radium Station, Copenhagen, from 3/11 — 38 to 
19/1 — 39 (at first ambulatory, then hospitalization from 28/12) for 
abdominal metastases; these were growing rapidly, and, after in- 
creasing cachexia, the patient died on 31/1 — 39, that is, 5 — 6 months 
after the primary tumor was noticed the first time. There was no 
gyncekomasty. — Autopsy revealed extensive metastases to the liver, 
lungs and lymph glands. Microscopy of the liver and lung me- 
tastases: Many areas of necrosis and heemorrhage; broad streaks 
of vigorous fibi’ous stroma, between which there are epithelial cells 
with large, somewhat vesicular nuclei, often with nucleuli, and 
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From liver metastases a pyridin extract was prepared that 
contained chorionic gonadotrophin in an amount correspond- 
ing to from 300 — 1500 I. U. per g. of tumor tissue. 

Two 24-hour urines (27/1 and 28/1 — 39) were pooled, and 
the mixture was tested on infantile female rats in 15 different 
doses from 1/3200 to 8 cc. of untreated urine, with 6 — 7 
rats per dose, altogether 100 rats. The ovarian and uterine 
weight curves are shown in Fig. 5. 



Dose-response curves for uterine and ovarian weights in infantile 
rats treated with native urine from Case P. U. D. (For additional 
explanation, see the legend of Fig. 2). 

In addition, examination of the vaginal smears from the 
rats, the corpus luteum formation in the mice (110 mice) 
and the reaction of the rabbits (28 animals) showed complete 
conformity \vith the curves for the international standard 
preparation for chorionic gonadotrophin (cf. Hamburger, 
1939 )."=>) 

4) Urine of a patient with metastasizing mixed epithelioma 
of the testis. 

Case Record: L. G. S. aged 24, with a past history of good health. 
A tumor of the left testis was noticed in May 1939. In Dep. D, 
Bispehjerg Hospital, on 20/6—39, the tumor (size of a goose egg) 
was removed. Microscopic diagnosis: Mixed epithelioma of the testis 
(F. Bang). 3/7—39: Admitted to the Radium Station for X-ray treat- 
ment of metastases. On admission, his general condition was good; 
there was some mammary hypertrophy (later on, a secretion could 
be expressed). Roentgenography showed metastases to the lungs. 



465 


and on palpation a doubtful resistance could be felt deeply in the 
left side of the abdonaen. During this and subsequent stays in the 
Radium Station the abdominal tumors were noticed to grow very 
rapidly (4/11—39: more than head-sized tumor in the epigastrium; 
in the left flank, a coconut-sized tumor, etc.). There were dyspnoea 
and cyanosis; later, jaundice, severe abdominal pain, and rapidly 
progressing cachexia. The patient died on 21/11 — 39, about six months 
after the discovery of the testicular tumor. — Aiilopstj revealed ex- 



Fig. 6. 

Microphoto of metastasis of the adenocarcinoma type, following 
mixed epithelioma of the testis (Cace L. G. S.). Magnif. X 75. 

tensive metastases to the liver, lungs and lymph glands. Microscopy 
of the metastases: Extensive necrosis of the tumor tissue, which is 
built up chiefly of scattered epithelial cells with large, angular, 
often vesicular nuclei, and between these cells there are glandlike 
tubular structure lined with similar epithelium, which in some 
places is slightly columnar. Microscopic diagnosis: Adenocarcinoma 
type (P. Bang). Microscopy of the right testis showed moderate 
atrophy of the testicular canals. The anterior lobe of the hypo- 
physis consisted chiefly of eosinophile cells. 

Hormonal analyses: As in the preceding case, there was 
an enormous increase in the excretion of chorionic gonado- 
trophin, from a few thousand I. U. per day at the time of 
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hemicastration (and shortly after) to about 80,000 I. U. per 
day in the following months. The oestrin excretion was some- 
what increased (100 — 200 M. U. per day). The androgenic 
hormone content of the urine was somewhat decreased (10 — 20 
I. U. per day) ; and shortly before death it was only about 
2 I. U. per day. 

From 8 24-hour urines (27/10 to 4/11) a dry powder was 
obtained by tannic acid precipitation (weight of the entire 
powder; 5.0 grams). The dose-response curves for uterine 
and ovarian weights in infantile rats (see Fig. 7) covered 



Dose-response curves for uterine and ovarian weights in infantile 
rats treated with tannate of urine from Case L. G. S. (For addi- 
tional explanation see the legend of Fig. 2). 

the doses from 1/80 mg. to 400 mg. As the powder was hard 
to dissolve, it was somewhat difficult to give the doses 200 
and 400 mg. 4 — 6 rats were employed per dose, altogether 
57 rats. 

5) Urine of a patient with mixed epithelioma of the testis 
-f small-cystic mixed tumor. 

Case-Record: E. H. S. aged 25, with past history of good health. 
28/9 — 39, admitted to the Surgical Dep., Holbsek County Hospital. 
About 1 month before, onset of pain in the lumbar spinal column 
and enlargement of the left testis (size of duck egg) which only 
inconvenienced the patient by its size. 25/10-39: removal of the 
testicular tumor, which now had the size of a swan egg. Palpation 
of the abdomen was difficult. Roentgenogi’aphy showed metastases 
to the lungs. 
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■ The tumor measured 7 X 13 cm. It was divided into two appa- 
rently quite separate tumors, the upper of \vliich was somewhat 
gelatinous, with numerous fibrous streaks, and built up of small 
cysts (up to nut-kernel size) with a semifluid or gelatinous content. 
The lower tumor was surrounded by a fibrous capsule; it consisted 
in part of a rather large cavity containing yellowish necrotic debris, 
partly of a walnut-sized, projecting, red tumor area with a few 



Fig. 8. 

Photo of the testicular tumor in Case E. H. S. (y 2 natural size). 
The small cystic area is seen in the upper part of the testis; the 
lower part is made up of the placenta-like tumor 
(mixed epithelioma). 

large veins, quite loose in consistency, resembling strikingly pla- 
cental tissue (see Fig. 8). Microscopic examination: The upper tumor 
was built like a benign small-cystic mixed tumor Avith small 
organoid cysts, islands of cartilage and streaks of smooth muscle. 
The placentalike tumor consisted of papillomatous tumor tissue 
AAdth large thinAvalled capillai'ies in the axis of the papillte. Micro- 
scopically there Avas no resemblance to placental tissue; syncytial 
cells and Langhans cells could not be demonstrated — nor seminoma 
or chorionepithelioma tissue. The epithelium consisted of one or 
more layers of cells Avhich most often AA'ere cuboidal, but sometimes 
columnal; there Avas a marked tendency to necrosis. The cells Avere of 
quite the same eharacter as those encountered in mixed epithelioma 
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(often designated as adenocarcinoma). In one area the placenta- 
like tumor was seen to invade the fibrous capsule without reaching 
into the tumor tissue in the cystic tumor. Microscopic diagnosis: 
Small-cystic mixed tumor, histologically benign; Mixed epithelioma 
of the testis. (F. Bang). 

13 days after the operation, thrombosis appeared in the left 
lower extremity, and a few days later in the right leg. The patient 
died on &2/10 — 39, 17 days after the hemicastration. No autopsy. 

Hormonal analyses. The urine was examined Uvice; 1) 
on 30/9 — 39 (before the hemicastration), when it contained 
about 100,000 I. U. of chorionic gonadotrophin per day, about 
20 M. U. of oestrin and 29 I. U. of androgenic hormone per 
day. 2) on 5/10 — 39 (on the day of the operation), when it 
showed 64,000 I. U. of chorionic gonadotrophin, about 40 
M. U. of oestrin and 25 I. U. of androgenic hormone per day. 

The primary tumor was divided into two parts: the small 
cystic part and the mixed epithelioma part. From each of 
these parts there was prepared a saline emulsion that con- 
tained respectively 40 and 50 I. U. of chorionic gonadotrophin 
per gram of tumor tissue, and also a pyridin extract which 
showed respectively 61 and 62 I. U. per gram of tumor tissue. 
So, notwithstanding their different histological structure, the 
two parts of the tumor contained about the same amount 
of gonadotrophin, probably because the blood, lymph and 
every tissue were »saturated« with the hormone. Other cases 
in which tumor tissue, muscle and other tissues were analysed 
at the same time, showed about the same amount of hormone 
in the various tissues — something which naturally destracts 
considerably from the value of the tissue analyses. The 
gonadotrophin of the tumor extracts from this patient gave 
dose-response curves of the same type as obtained with 
chorionic gonadotrophin. 

The 24-hour urine from 30/9 — 39 was assayed on infan- 
tile rats in doses from 1/800 cc. to 8 cc. of untreated urine 
(greater doses were toxic to the animals). 5 — 10 rats were 
used per dose, 86 rats altogether. The uterine and ovarian 
weight curves are shown in Fig. 9. 
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Hormonal analyses: The urine was assayed 3 times in 
the course of 10 days. It showed up to 1 million I. U. of 
chorionic gonadotrophin per liter (600,000 I. U. per day), 
800 — 1000 M. U. of oestrin, and normal values for androgenic 
hormon: 32 and 44 I. U. The tumor tissue (removed by opera- 
tion) contained about 2500 I. U. of chorionic gonadotrophin 
per gram tumor tissue (pyridin extract). 



Dose-response curves for uterine and ovarian weights in infantile 
rats treated with native urine from Case 0. C. H. (For additional 
explanation, see the legend of Fig. 2). 

One of the 24-hour urines was tested on 81 infantile 
female rats in doses from 1/8000 cc. to 20 cc. of untreated 
urine; on an average, 7 rats were employed per dose. The 
uterine and ovarian weight curves are shown in Fig. 10. In 
addition, the urine was tested on 31 infantile female mice 
and 15 rabbits. The reaction curves from these experiments 
were likewise found to be identical with the curves for the 
international standard preparation for chorionic gonadotro- 
phin. 


Comparison between the six curves presented here shows 
an excellent agreement, in particular when it is taken into 
consideration that they are carried out at different times 
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TOthin a period of 1% years. In Fig. 11 all the curves are 
presented in the same diagram. It will be noticed how close 
they ail come to the average chorionic gonadotrophin curve. 
In the cases where microscopic examination is made of the 
ovaries there is likewise a complete agreement between the 
gonadotrophin content of the analysed urines and the assay 
of chorionic gonadotrophin. 



Fig. 

The curves from Figs. 2, 3, 5, 7, 9 and 10 recorded in the same 
diagram. The uterine weight rises abruptly between about Vs and 
Yz I. U., and then it reaches a plateau, (For the sake of easy 
surve}', the uterine weights obtained witli the largest doses are 
not recorded in this diagram). The ovarian weight rises gradually 
from about % I. U. to about 1000 1. U., whereafter there is a rather 
abrupt rise till the maximum is reached, at about 10,000 units. 

The rather abrupt rise appearing in response to the doses 
from about 1,000 to about 10,000 I. U., has given rise to 
various considerations. One might imagine that the rise was 
not brought about hj'^ the chorionic gonadotrophin but by hypo- 
physial gonadotrophin, small amounts of which are claimed 
to be present in every urine, and that this substance would 
exert its influence with the high doses. There are several 
features, however, that go against this hypothesis: In all the 
cases here examined the rise appeared in about the same 

SI* 
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place in the curve, although the gonadotrophin was derived 
from such different sources as highly purified preparations 
from the urine of pregnant women, a crude tannate, and 
several native urines of patients with various testicular 
tumors, besides from a chorionepithelioma in a man. If the 
mentioned hypothesis were correct there would in all these 
cases have been approximately the same proportion between 
the chorionic gonadotrophin and the possibly present hypo- 
physial gonadotrophin, which would be a quite unreasonable 
assumption. Indeed Fevold et al. (1939)'') arrived at the 
result that in their aforementioned case the active substance 
consisted entirely in chorionic gonadotrophin, as the gonado- 
trophin in their case was not attenuated by treatment with 
tricresol — something, they claim, that happens to hypo- 
physial gonadotrophin (in castrate urine). However this may 
be, there can be no doubt that the gonadotrophin demon- 
strated in the urine in the present analyzed cases of malignant 
testicular tumors is identical with the chorionic gonadotrophin 
in pregnant women. 


II. Excretion of Follicle-stimulating Hypophysial 
Gonadotrophin. 

When the normal function of the ovaries or testis is lost 
(castration, climacterium), the anterior pituitary lobe under- 
goes certain secretory changes, the production and yield of 
the follicle-stimulating factor being increased. This factor 
can be demonstrated in the blood and urine, but the amount 
of hormone excreted wdth the urine is relatively small, up to 
about 400 M. U. per day, and the excretion is subject to -wide 
variation from day to day. Still, apart from these variations, 
the excretion is permanent. In order to demonstrate the pre- 
sence of this hormone in the urine, .it is necessary in most 
cases to precipitate the hormone (■with alcohol or tannic acid). 
Its action in the organism consists in stimulation of the 
germinating tissue (follicular apparatus and seminiferous 
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tubules). In the ovaries there is produced a general ripening 
of the follicles, while corpus luteum formation appeared only 
in response to large doses, and it is due in part to the ac- 
tivity of the animal’s own hypophysis. The form of the dose- 
response curves for ovarian and uterine weights in infan- 



Fig. 12. 

Dose-response curves for ovarian weight in infantile mice, and for 
ovarian and uterine weights in infantile rats, after treatment with 
a tannate of pooled menopausal urines (hypophysial follicle-stimul- 
ating gonadotrophin). The ovarian weight increases ahruhtly al- 
ready before the maximal uterine effect is reached. The arrow 
indicates the place for 1 R. U. (uterus 50 mg.). 

tile rats and mice differs widely from the corresponding 
curves for chorionic gonadotrophin (see Fig. 12). From the 
rat curves it is evident that the ovarian weight increases 
greatly even on administration of relatively small doses. Tlie 
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qualitative estimation of the follicle-stimulating hypophysial 
gonadotrophin is carried out most easily hy microscopic 
examination of the ovaries in infantile mice. The changes 
appearing here are so characteristic that the diagnosis is 
difficult only when the assay concerns only a quite minimal 
. hormonal effect. In sections the ovaries are seen to he studded 
with numerous, middle-sized, Graafian follicles (for partic- 
ulars, the reader is referred to Hamburger (1933). 

Follicle-stimulating hormone is present, in demonstrable 
amounts — i. e. S 50 M. U. per day — in the urine in 
about 75 % of the patients with seminoma of the testis or 
with small-cystic mixed tumors. It may be found before the 
primary tumor is removed, and before the patient has re- 
ceived X-ray treatment; but the excretion of this hormone 
does not cease after the removal of the primary tumor, and 
it is quite independent of the development or absence of 
metastases. It has been difficult to explain the occurence of 
this hormone in the patients with testicular tumors, but after 
it has been shown, for one thing, that the excretion of an- 
drogenic hormones in these cases are down at the level of 
the excretion in castrates (Hamburger & Godtfredsen, this 
journal p. 485) it seems more likely that the excretion of follic- 
lestimulating hormones means a decrease in the functional 
capacity of the testis. In some cases, testicular tumor patients 
have been excreting follicle-stimulating hormone for a while, 
and later this hormone has given way to chorionic gonado- 
trophin — namely, at the point of time when metastases of 
the mixed epithelioma type had developed. Our entire ma- 
terial includes but two cases in which there was a de- 
monstrable simultaneous excretion of chorionic gonadotrophin 
and hypophysial gonadotrophin (follicle-stimulating hor- 
mone). One of these cases has been reported previously 
(Hamburger, 1933,^^) I. c. p. 157 — 164) ; the other, far better 
investigated, will be reported in the following section. 
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III. A Case of Testicular Tumor with Simultaneous Presence 
of Chorionic and Hypophysial Gonadotrophin in the Urine. 

Case Becord: P. E. N., aged 25, with past history of good health. 
About half a year before hospitalization, onset of pain in the right 
testis; a few months after the testis commenced to increase rapidly 
in size. In August 1938 the testicular tumor was removed, in the 
Roskilde County Hospital. Microscopic diagnosis: Small-cystic mixed 
tumor (histologically malignant) with embryonal-like structure and 
syncytial troplioblast-likc cells. (F. Bang). 29/8 — 38 the patient was 
admitted, the first time, to the Radium Station, Copenhagen. There 
was no evidence of metastases. Prophylactic X-ray treatment was 
given (irradation of the abdominal lymph glands). There was no 
gynfficomasty. During the following year the patient was admitted 
several times to the Radium Station for X-ray treatment. In May 
1939, 9 months after the hemicastration, examination revealed in 
the epigastrium, one finger's breadth above the umbilicus, the 
presence of an intra-abdominal roundish tumor (size of a green 
walnut), rather close to the anterior abdominal wall; it was fairly 
movable and somewhat tender. 28/6: explorative laparotomy (in the 
Surg. Dep. of the Finsen Institute). Several mesenteric intumes- 
censes were palpable, and one of them was removed for micro- 
scopy. (Microscopic diagnosis: Lymph gland inflammatory reaction). 
During the following months the abdominal tumors were increas- 
ing in size; the patient was getting worse rapidly, troubled with 
pain, nausea and vomiting. In October 1939 there was an in- 
tumescense (size of a child’s head) in the depth of the abdomen, 
at the level of the umbilicus, and signs of enlargement of the deep 
lymph glands in the right iliac fossa. The left testis was a little 
undersized. The patient Avas given palliative irradiation of the 
metastases, on which the abdominal discomfort subsided somewhat. 
He was discharged on 16/11—39, and died at home 23/12—39 (i. e. 
16 months after the hemicastration) Avith metastases to the lungs, 
mediastinum and lumbar lymph glands. No autopsy. 

Hormonal analyses: The urine was not analyzed until 
shortly after the hemicastration; no increase could be de- 
monstrated in the gonadotrophin content of the urine. But, 
in the second half-year after the remoAml of the primary 
tumor, 4 examined 24-hour urines showed about 500 M. U. 
of follicle-stimulating hormone per day. Several analyses 
presented the peculiar phenomenon that, corpora lutea had 
developed in several of the mouse ovaries — something that 
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might conceivably be connected with the great hormonal con- 
tent. A specimen of urine from 29/7 — 39 (see Fig. 13) pro- 
duced a quite typical reaction to follicle-stimulating hormone. 
During October — ^November 1939 (at a point of time when 

Auer/xg-e Jiose- response 

Cu>-oes Jot To/’fi'c ^e~ sti'rrzu fating 
Gonoatofro-phtn gtot-ru 

Castrate Ztrz/je. ’ 



Fig. i3. 

Dose-response curves for uterine and ovarian weights in infantile 
rats treated with native urine from Case P. E. N., July 1939. The form 
of the curves is t 5 q)ical of hypophysial follicle-stimulating gonado- 
trophin. 


abdominal metastases had appeared) the urine was analyzed 
many times. The oestrin secretion was normal ( > 20, < 50 
M. U. per day), the androgenic hormone excretion somewhat 
decreased (5 and 10 I. U. per day). 
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From this point of time the gonadotrophin content of the 
urine was examined with particular thoroughness on rats, 
mice and guinea pigs. In their form the uterine and ovarian 
weight curves for infantile rats and mice deviated from the 
chorionic gonadotrophin curves as well as from the follicle- 
stimulating hormone curves. On the other hand, these curves 
were found to show complete concordance with the correspond- 
ing curves for mare serum gonadotrophin (see Fig. 14, in 
which the dotted lines represent the average curves for numer- 
ous mare serum gonadotrophin preparations tested on more 
than 1,000 rats and 650 mice). 

Also the histological picture of the mouse and rat ovaries 
was quite in conformity with the effect of mares’ serum 
gonadotrophin; and this was the case with all the urines 
from the patient during this period. So it might look as if 
the tumor tissue of the patient produced the gonadotrophin 
which otherwse is found only in pregnant mares. But if it 
really were a hormone identical with mares’ serum gonado- 
trophin, its secretion -svith the urine would indeed be very 
strange. For in the mare the hormone does not pass through the 
kidneys; nor is it excreted with the urine after its injection 
into monkeys and rats (Evans et al, 1933)°) — in contrast 
to chorionic and hypophysial gonadotrophin. 

With a ^4ew to this feature, the following experiments 
were carried out on the excretion of different gonadotrophins 
in rabbits: 5 adult female rabbits, weighing between 2.020 
and 2.170 kg. were given one injection of gonadotrophin im- 
mediately after the bladder had been emptied by manual 
expression. Then the urine was collected for 24 hours, the 
bladder being emptied again at the end of the experiment. 
The gonadotrophin content of the urine was determined by 
titration on infantile female rats. The results are given in 
Tablet. It is to be mentioned that all the doses are converted 
to rat units (1 R. U. = the dose of gonadotrophin able to 
produce an average uterine weight of 50 mg.) so as to ob- 
tain some means of comparison between the potency of the 
different gonadotrophins. 
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It is to be emphasized that none of these gonadotrophin 
preparations had undergone any qualitative change hy passing 
through the rabbit organism. As shown in Table 1, of the 
injected chorionic and human hypophysial gonadotrophins 
12.5 % was excreted in the first 24 hours; of a minor dose 



Fig. ii. 

Doso-rosponse curves for ovarian weight in infantile mice, and for 
uterine and ovarian weights in infantile rats, treated with a tannate 
of the urine from Case P. E. N., November 1939. The almost im- 
probable concordance between these curves and the con’esponding 
curves for the gonadotrophin from pregnant mares' serum is il- 
lustrated plainly by the graph. (The arrow indicates the place 
for 1 I. U. of mares’ serum gonadotrophin). 
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Table -/. 

Excretion of Gonadotrophin Injected into Normal Adult 
Female Rabbits. 


Preparation 

Dose 

Excretion in 24 hours 

inj. R. U. 

abs.R.U.| 

«/o 

Chorionic gonadotrophin (»Phj'sex«) 

320 

40 

12.5 

Human hypophj'^sial gonadotrophin*) 

4000 

500 

12.5 

jMares’ serum gonadotrophin (»Antex«) 

4000 

62 

1.6 

» » )> » 

300 

0(<5) 

0(<1.7) 

Gonadotrophin from Pt. P. E. N.**) 

300 

60 

20.0 


of mares’ serum gonadotrophin no demonstrable amount was 
excreted, of a large dose only 1.6 % was excreted. On the 
other hand, no less than 20 % of the injected gonadotrophin 
from the patient (P. E. N.) could he demonstrated in the 
first 24-hour urine. As to excretion, then, this hormone be- 
haved like chorionic and hypophysial gonadotrophins, differ- 
ing in this respect from mares’ serum gonadotrophin. 

Quite the same result was obtained in experiments on 
guinea-pigs, in which the hormone gave the same reaction 
as did hypophysial and chorionic gonadotrophin, but differed 
from mares’ serum gonadotrophin (these guinea-pig experi- 
ments, which were carried out in collaboration with K. Pe- 
dersen-Bjergaard, are reported in another paper). 

While the hormone in mice and rats had given quite the 
same reactions as did the mares’ serum gonadotrophin, its 
excretion in these animals and the guinea-pig tests showed 
that the two hormones were not identical. Other experiments 
made it reasonable to assume that its partial resemblance 
to mares’ serum gonadotrophin was due to the fact that the 
hormone was a mixture of follicle-stimulating hormone (from 
the hypophysis of the patient) and chorionic gonadotrophin 
(from the tumor tissue). For comprehensive experiments on 


*) Pyridin extract of human hypophyses. 

**) Tannate from 24'hour urines, Noveihber 14 — ^16. 
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the effect of mixtures of follicle-stimulating hormone and 
chorionic gonadotrophin had shown that a mixture of these 
hormones in a certain proportion gave exactly the same dose- 
response curves in infantile female rats as are obtained with 
mares’ serum gonadotrophin. Thus a mixture of chorionic 
gonadotrophin and follicle-stimulating hormone in the propor- 
tion 1 I. U. chor. gon./^ R. U. f.-s. horm. gave the same 
rat curves as were obtained with gonadotrophin from pregnant 
mares’ serum (see Fig. 15, in which the reaction curves for 
the gonadotrophin from the patient are recorded too). 

Also the histological changes in the ovaries showed com- 
plete conformity behveen 1) mares’ serum gonadotrophin, 
2) the mixture of chorionic gonadotrophin and follicle-stimul- 
ating gonadotrophin, and 3) the gonadotrophin from this 
patient; and it is possible with a fair degree of certainty to 
calculate that the urine here concerned contained simultane- 
ously about 300 I. U. of chorionic gonadotrophin and about 
80 R. U. (~ about 250 M. UJ of hypophysial follicle-stimulat- 
ing hormone. 

Apparently the assumption of a simultaneous occurrence 
in the organism of chorionic gonadotrophin and hypophysial 
gonadotrophin is in conflict with certain experiences- con- 
cerning the hormonal correlation. As is well known, the go- 
nadotrophin production of the hypophysis is suppressed by 
chorionic gonadotrophin (cf. pregnancy, chorionepithelioma 
and cases of mixed epithelioma of the testis with high 
chorionic gonadotrophin production); but at the beginning 
of pregnancy the hormonal production of the hypophysis is 
normal, and a chorionic gonadotrophin concentration of the 
blood increases rapidly. In cases of testicular tumors the 
hypophysis often is in a strongly active secretory state, and 
the chorionic gonadotrophin production may be relatively 
slight. In some of our cases of testicular tumor, as men- 
tioned, there was for a time an excretion of follicle-stimulat- 
ing hormone suggestive of increased function of the hypo- 
physis; later, however, the follicle-stimulating hormone was 
replaced by chorionic gonadotrophin which then had reached 
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a concentration high enough to inhibit the gonadotrophin 
production of the hypophysis. In the present case and in 
the analogous case from the chorionic gonadotrophin 



Dose-response curves for uterine and ovarian weights in infantile 
rats. The graph illustrates the concordance between 1) a mixture 
of choi’ionic gonadotrophin and follicle-stimulating gonadotrophin 
in the proportion: 1 1. U-lVi R. U., 2) the gonadotrophin from Case 
P. E. N., Nov. 1939, and 3) gonadotrophin from pregnant mares' 

serum. 
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evidently was not present in a sufficiently high concentration 
to suppress the gonadotrophin production of the hyperactive 
hypophysis. 


Summary. 

Of a material comprising more than 150 cases of malignant 
tumor of the testis that have been analysed hormonally, an 
account is given here of some cases in which particular studies 
were carried out on the nature of the gonadotrophin. 

1) With normal infantile female rats for test animals, 
complete dose-response curves were worked out with 2 highly 
purified chorionic gonadotrophin preparations (Physex), with 
gonadotrophin from 3 cases of metastasizing mixed epi- 
thelioma of the testis, and with gonadotrophin from an extra- 
genital (?) chorionepithelioma in a man. These and other 
experiments with mice and rabbits showed complete con- 
cordance between chorionic gonadotrophin and the gonado- 
trophic hormone produced by these tumors. 

2) In about 75 per cent of the cases of seminoma of the 
testis and small-cystic mixed tumor of the testis there was 
excreted with the urine a hormone which, according to the 
dose-response curves obtained on rats and the histological 
changes in the ovaries observed in infantile mice, was found 
to be identical -svith the hypophysial follicle-stimulating hor- 
mone present in castrate urine. 

3) A detailed account is given of a case of malignant 
tumor of the testis, in which no increase could be demon- 
strated in the gonadotrophin excretion with the urine shortly 
after removal of the primary tumor; then, for a while, hypo- 
physial follicle-stimulating hormone was excreted; and finally, 
at a later point of time, when large metastases had developed 
in the abdomen, the urine contained a mixture of hypo- 
physial gonadotrophin (follicle-stimulating hormone) and 
chorionic gonadotrophin. 

This mixture of gonadotrophins gave quite the same dose- 
response curves for ovarian and uterine weights in infantile 
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rats and mice as are obtained with, gonadotrophin from 
pregnant mares’ serum. But, when injected into an adult 
rabbit, 20 % of the gonadotrophin mixture was excreted with 
the urine in the first 24 hours after the injection. Of human 
hypophysial gonadotrophin and of chorionic gonadotrophin 
12.5 % were excreted in rabbits, but of mares’ serum gonado- 
trophin only 1.6 % — and even then only when injected in 
very large doses. 

In experiments with mixtures of chorionic gonadotrophin 
and follicle-stimulating hormone in various proportions it 
was practicable to determine how much of each of these 
hormones was excreted with the urine in this case. 

4) In malignant tumors of the testis onig two kinds of 
gonadotrophin are encountered: hypophysial follicle-stimulat- 
ing hormone and chorionic gonadotrophin. In rare instances, 
these substances may be excreted successively in the same 
patient or, under quite particular conditions, simultaneously. 
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In previous works of Bang, Hamburger and Jens Nielsen 
(1933 — 1941) it was shown that seminoma of the testis (and 
certain other malignant tumors of the testis) not infrequently 
is associated vvith excretion of follicle-stimulating gonadotro- 
phin vvith the urine (see, for instance, Hamburger, 1941).^) 
This hormone is to be regarded as being of hypophysial 
origin, as: 1) it has never been practicable to demonstrate 
this hormone in extracts of seminoma tissue (primary tumor 
or metastases), 2) the hypophysis of seminoma patients pro- 
duces a strong gonadotrophin reaction when it is implanted 
in infantile mice, and 3) in its biological aspects the hor- 
mone is identical %vith the follicle-stimulating gonadotrophin 
found in castrate urine. Other testicular tumors — mixed 
epithelioma and chorioepithelioma — produce by themselves 
a gonadotrophin that is identical with the chorionic gonado- 
trophin (from pregnant women ) ; in cases of this kind the 
hjq)0physis most often proves inactive when implanted in 
infantile mice. 

In about 75 % of the cases of seminoma of the testis there 
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is a demonstrable increase in the amount of follicle-stimulat- 
ing gonadotrophin in the urine (i. e., from 50 to 400 M, U. 
per day), that is, the same incidence and quantity as after 
castration (Hamburger, 1933;“) E. Hart Hansen, 1941).®) The 
presence of the hormone is demonstrable before the removal 
of the primary tumor, and before the patient is given X-ray 
treatment; but the excretion of this hormone does not cease 
after hemicastration, and it is independent of the develop- 
ment of metastases. Excretion of this hormone is not a 
characteristic of testicular tumors alone; it has been de- 
monstrated also in women with genital carcinoma, but in 
most of these cases it occurred during or after the climacteric 
period, when there is normally an increased excretion of 
follicle-stimulating gonadotrophin. 

Besides the assay of gonadotrophin, in many of our cases 
of testicular tumor tests were made also for the excretion 
of oestrogenic hormones (Hamburger, 1938).®) In some cases 
of mixed epithelioma of the testis, with excretion of very 
large amounts of chorionic gonadotrophin, there was found 
to be also a considerable increase in the oestrin excretion (up 
to about 2000 M, U. per day). But, apart from these cases, 
the patients wth tumors of the testis (including seminoma) 
showed no definite deviation from the conditions observed 
in normal men, the oestrin excretion varying from about 
20 to 50 M. U. per day. 

It has been rather difficult, hoAvever, to explain why the 
excretion of follicle-stimulating gonadotrophin is increased in 
tumor of the testis. The more obvious explanation would be; 
that the function of the testis in these patients was lowered 
to such an extent that in this respect they behaved like 
castrates. In the last couple of years, therefore, besides analys- 
ing the urine for gonadotrophin and oestrin we have de- 
termined also the amount of androgenic substances present 
in the urine in tumors of the testis, and in this way w'e have 
obtained some data that explain, at any rate in part, why 
seminoma patients excrete follicle-stimulating gonadotrophin. 
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Tlie present paper will bring an account of these analyses 
and of various clinical examinations in several cases of semi- 
noma of the testis. 

Material. 

From our entire material of hormonal-analysed testicular 
tumors the seminoma cases were picked out which all had 
been under treatment in the Radium Station, Copenhagen, 
and in which the diagnosis had been verified by Dr. Fridtjof 
Bang, pathologist to the Radium Station, and in w'hich the 
quantitative hormonal anals'sis of the urine covered an- 
drogenic substances as well as gonadotrophin. These condi- 
tions were met in a total of 19 cases. In addition, the results 
are given for excretion of androgenic strbstances with the 
urine in 12 cases of mixed epithelioma of the testis and 
chorioepithelioma with excretion of chorionic gonadotrophin. 


I. HORMONAL ANALYSES. 


Technique. 

Assay of gonadotrophin in urine was carried out after the hor- 
mone was precipitated by tannic acid, the precipitate washed with 
alcohol and acetone, and . dissolved in water, with addition of 
sodium hydroxide to Pjj 12. After neutralization the solution was 
injected into female mice, about 22 days old, distributed on 5 equal 
injections given in 48 hours; autopsy on the 5th day, with weighing 
and section of the ovaries. In the absence of an international 
standard unit, one mouse unit was established as the dose of 
hormone given an ovarian weight increase of about 50 %. The 
qualitative hormonal diagnosis is based on the histological changes 
in the ovaries (see, for instance, Hamburger, 1933).-) Generally it 
was not considered essential to determine the exact excretion of 
follicle-stimulating gonadotrophin but merely to decide udiether 
there was a definite increase in the excretion above the normal, i. e., 
whether the excretion exceeded 50 M. U. per day. 

Assaij of gonadotrophin in tumor tissue was carried out after 
extraction of the minced tumor tissue with about 20 % aqueous 
pyridin under mechanical shaking; precipitation with 5 volumes 
of 96% alcohol, washed with alcohol and acetone; drying, and 

32 ‘ 
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Fig. 2. 

Dose-response curve for ANDROSTERONE, international standard 
preparation, dissolved in aracliis oil. Local application to the capon’s 

comb single measurings (161 observations); 0, average increase 

of the comb area (%). 

solution in water with addition of sodium hydroxide to pjj 12. As 
a rule the biological assay of the neutralized tumor extracts was 
carried out on female rats, 26 to 28 days old. 

Androgeinc substances in the urine. One half of the 24-hour 
urine was extracted, after addition of 10 volume % of concentrated 
hydrochloric acid, 3 times 2 hours with benzene, on steam-boiler. 
After evaporation of the benzene the residue is dissolved in 10 cc. 



Table I. 

Hormonal Analyses and Clinical Follow-uy Data on 19 Hemicasirates (Seminoma of the Extirpated Testis). 
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*) 4- indicates that one or several examinations showed an excretion of § 50 M. U. of follicle-stimulat- 
ing gonadotrophin; 0 means that no analysis showed an excretion of 50 M. U. of gonadotrophin per day. 
Sp. = spermatozoa. 
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of arachis oil, and titrated by direct application to the comb of 
castrated roosters (white Leghorns), by daily application of 0.05 cc. 
of the oily extract (or a dilution of it) by means of a »tuberculin 
syringe« for 5 successive days. The comb area is measured at the 
first application and on the day after the last application by 
planimetric determination of a magnified shadow of the comb. 

At first we employed the photographic method with weighing 
of the comb clipping. We then tried planimetric determination of 
this direct contact-copy of the comb, but this method was en- 
cumbered with too great errors of measuring. Finally we worked 
out at technique that gives a contour drawing of the comb, en- 
larged after a scala that allows planimetric measuring of the area. 
The arrangement is shown in Fig. 1. This method was employed 
in all the analyses mentioned here. 

Each extract is examined in 2 doses (corresponding to Vso and 
^/soo of the 24-hour urine) with 4 — 5 cocks per dose. The activity 
of the extract is determined by comparison with a dose-response 
curve for the international standard preparation for androsterone 
(Fig. 2). 

The dose-response curve for dehydroandrosterone runs parallel 
to the curve for androsterone; but it takes about 5 times (by weight) 
as much of dehydroandrosterone as of androsterone to produce the 
same reaction. Likewise, the androgenic substances found in most 
of the male and female urines examined by us react in conformity 
with the same curve. In this way, the urines of normal young 
and middleaged men were found to contain on an average about 
SO I. V. of androgenic substances per day, varying from about 20 
to something over 100 I. U. per day — which results are quite 
in keeping with the findings reported by other investigatoi’s. In 
male castrates, E. Hart Hansen (1941)®) found an excretion of 
androgenic substances corresponding to about 10 I. U. per day, 
varying from 5 to 18 I. U.; normal men showed on an average 
40 I. U. per day (from 18 to 80 I. U. per day). 


Analytical Results. 

The results of the gonadotrophin and androgen determina- 
tions in the seminoma patients are recorded together with 
the clinical data in Table 1. As will be noticed, in 15 of the 
19 cases of seminoma it was practicable by one or several 
analyses to demonstrate an increased excretion of follicle- 



493 


stimulating gonadotrophin. Only in 4 cases did the amount 
of androgenic substances in the urine fall within the normal 
limits (with 30 I. U. per day), and these cases were dis- 
tributed over different age groups. In the remaining 15 cases 
the excretion was considerably lower (with 1 I. U. per day 
as minimal output). In ail 19 patients the average androgen 
excretion amounted to 10 I. U. per day — which is only 
one-fifth of the average excretion in normal men. There was 
no correlation between the gonadotrophin excretion and the 
androgen output. Thus, for instance, in 7 — 8 years patient 
No. 11 was examined 7 times, and none of all the urine 
specimens showed any definite demonstrable increase in the 
gonadotrophin excretion, while the output of androgenic sub- 
stances amounted only to 3 I. U. per day. In patient No. 12, 
too, there was no demonstrable increase in the gonadotrophin 
content of 5 specimens of urine analysed during the period 
of 4 years, while the output of androgenic substances was 
only 4 r. U. per day. Of the four patients with the greatest 
androgen excretion (30 I. U.) only 2 showed an increase in 
the gonadotrophin content of the urine in one or more an- 
alyses, while this was not observed in the other two. Thus, 
of all; the 19 seminoma patients only two (Nos. 2 and 8) 
showed no deviations from the normal in any of the hormonal 
analyses. All the remaining seminoma patients behaved more 
or less like castrates as far as hormonal excretion is con- 
cerned. 

From this analytical account it further is evident that the 
gonadotrophin excretion is independent of the development 
of metastases: in 10 out of 12 cases ^vithout clinically de- 
monstrable metastases one or several analyses showed an 
increased excretion of follicle-stimulating gonadotrophin, 
while no increase in the gonadotrophin could be demonstrated 
in 2 of the 7 metastasizing cases. As to the androgen excre- 
tion it is to be emphasized that the 4 cases with about normal 
excretion were all free from clinical signs of metastases. 

Only in very rare instances have we had an opportunity 
to carry out hormonal analyses on patients with seminoma 
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of the testis prior to the removal of the primary tumor. In 
two cases (including No. 1 in this account) there was an 
unquestionable increase in the excretion of follicle-stimulat- 
ing gonadotrophin 100 M. U. per day) prior to the hemi- 
castration. In one of the present cases (No. 5) the urine was 
examined 3 days before hemicastration and at that time no 
increase could be demonstrated in the gonadotrophin excre- 
tion, but the output of androgenic substances was very low 
(3 I. U. per day) ; 2 weeks after the operation the analysis 
showed 1 I. U. of androgen per day and still no increase in 
the gonadotrophin output; not until about 6 months after the 
hemicastration did the analysis show >100 M. U. of follicle- 
stimulating gonadotrophin per day. 

In two of the 19 seminoma cases a hormonal analysis 
was made of the tumor tissue too (the primary tumor in 
No. 5, and metastases in No. 16) ; no gonadotrophin could 
be demonstrated in the extracts — and this is in keeping 
with our previous investigations. 

Besides in seminoma patients, the androgen excretion wth 
the urine has been determined also in several cases of tumors 
of the testis (especially metastases of mixed epithelioma) 
associated \rith excretion of chorionic gonadotrophin. A 
comparison between the chorionic gonadotrophin output and 
the androgen excretion is given in Table 2. In one half of 
these 12 cases the androgen excretion fell ^vithin the normal 
limits; and in the remaining cases it was lower than normal. 
But, the average androgen content of these urines was 21 1. U., 
that is twice as great as observed in the seminoma patients. 
The most reasonable explanation of this finding is that the 
chorionic gonadotrophin has been able somehow to stimulate 
the androgen production of the remaining testis (cf. the re- 
sults obtained with chorionic gonadotrophin therapy in hypo- 
genitalism in male patients), but we cannot positively rule 
out the possibility that the tumor zones which produce 
chorionic gonadotrophin and, in some cases, oestrin too, might 
be able also to produce androgenic substances, or that the 
chorionic gonadotrophin might stimulate the suprarenals to 
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Table 3. 

Excretion of Androgenic Substances in Chorionic Gonadotrophin- 
producing Tumors of the Testis. 


Name 

Age 

Maximal excretion of 
chorionic gonadotrophin 

I. U. der day 

Excretion of 
androgenic 
substances 

I. U. per day 

0. C.H.*) 

38 

600.000 

44, 3-2 

P.U.D. 

28 

300.000 

<1 

E.H. S. 

25 

100.000 

29,25 

L, G. S. 

25 

80.000 

10, 20,.10, 2 

K.H. J. 

29 

5.000 

50, 15 

N.C. 

37 

>1.500, <6.000 

15 

A. K. 

31 

3.000 

65, 28 

S.T. 

28 

3.000 

28 

P. T. 

4<3 

300 

15 

P. E. N. 

25 

300“) 

5, 10 

K.S.N. 

38 

g 150 

2 

Aa. M. 

S3 

150 

25, 16 



') Extragenital (?) chorioepithelioma. 

**) + follicle-stimulating gonadotrophin. 


increased secretion of steroid hormones. (The validity of the 
latter hj-potheses may very likely be investigated further by 
studies on the excretion of androgenic substances in pregnant 
Avomen). 

II. CLINICAL STUDIES ON THE SEMINOMA PATIENTS. 

As the outcome of the hormonal analyses was suggestive 
of a decreased testicular function in cases of seminoma of 
the testis it seemed appropriate to reexamine the 19 patients 
on whom hemicastration had been performed on account of 
seminoma — in order to see whether they would also present 
some clinical signs of genital hypofunction. A priori, how- 
ever, we fully realized that even though there might be no 
demonstrable clinical sign of testicular hypofunction, such 
a finding would not exclude the possibility of an even con- 
siderable reduction in the functional capacity of the remain- 
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ing testis. As is evident from Sand’s (1939)®) investigations 
on 187 men who had been castrated after puberty, no ab- 
solutely characteristic »castrate type« may be set up. Sand’s 
material, which in some respects has been investigated further 
by E. Hart Hansen (1941)®), showed no changes in the growth 
of the individual, and only 15 % of the patients showed a 
gain in weight that had to be characterized as » castrate 
obesity«. The rate of standard metabolism was about 96 % 
of the normal. The general condition of the patients did not 
undergo any particular change; only during the first year 
after the castration were there frequent complaints of ex- 
cessive sweating and hot flushes to the head. Loss of the 
hairs in the axilla was a frequent finding, also partial loss 
of the pubic hairs and atrophy of the prostate. Sexual desire 
subsided within a variable length of time, and gradually 
it subsided completely in about 90 % of the castrates ex- 
amined. Further, Teilum (1940)^) has shown that in male 
castrates there is a demonstrable increase of the cholesterol 
content of the blood. This increase makes its appearance 
after a latent period of about six months and continues up 
to 4 — 6 years after the castration, whereafter the value be- 
comes constant. Only in rare instances is the blood cholesterol 
value particularly high, being usually about 250 mg. %, while 
in normal men the average was found to be 169 mg. %, with 
variations from 127 to 258 mg. %, and only in 15 % of the 
normal men did the value exceed 190 mg. %. 


Method of Examination. 

In keeping with the »follow-up system« of the Radium 
Station, all the patients have reported repeatedly for control 
examination after they had undergone the radiological treat- 
ment. In a majority of the cases the reexamination was not 
limited to a thorough clinical examination, including weight 
control, haemoglobin dertermination, urine analysis and 
measuring of the blood pressure, but, in addition, they were 
submitted to roentgcnographic examination of the lungs and 
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abdomen for estimation of the possible development of 
metastases. Furthermore the blood cholesterol concentration 
was determined in several of these cases, and microscopic 
examination for spermatozoa was made in some of them. 
For elucidation of their sexual life, the patients are questioned 
in particular about the duration of their matrimony, their 
number of children, the use of preventive measures and 
whether they have noticed any change in sexual desire or 
potency after the hemicastration and X-ray treatment. Fur- 
ther, of course, the patients are questioned about their general 
condition, energy, working capacity and possible variations 
of moods. 


Data on the Patients. 

The more important data on the 19 seminoma patients 
are given in Table 1, in wdiich the patients are entered after 
age. Out of the 19 patients, aged from 30 to 59 years, 16 
were alive and free from symptoms at the time when this 
material was worked up — in December 1940. Three patients 
had died respectively 10 months, 4 and 6 years after the 
hemicastration; two of these died with metastases in cachexia, 
while one died from some other cause; and in this case the 
autopsy revealed no metastases. 

Of the 19 patients 7 had presented clinically or roentgen- 
ologically demonstrable metastases, mostly to the lumbar 
Ij'mph glands, less frequently to the mediastinal and supra- 
clavicular lymph glands and to the lungs. All the patients 
had been given X-ray treatment, from one to three series 
of irradiation applied to inguinal, abdominal and paraverte- 
bral fields. In the 7 cases with demonstrable metastases, these 
processes subsided on X-ray treatment. Tlie present observa- 
tion period, reckoned from the time of hemicastration, has 
varied from 2 months to 12 years; in 7 cases it has been 5 
years or more, in 5 cases from 4 to 4V^ years, in 2 cases 
2 years, and in 5 cases from 2 to 10 months. 

The general condition and working capacity were found 
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to be fully satisfactory in 17 cases, while 2 patients (Nos. 16 
and 18) were feeling rather poorly; these two patients both 
died with metastases respectively 2 weeks and 1% years after 
the last examination. Mentally, none of the patients has 
presented any change of depressive character. 

Generally changes in the weight have been very moderate. 
No change was reported in 8 patients, while 9 showed a gain 
in weight, from 1 to 20 kg.; and only in three of these cases 
did the gain in weight amount to or exceed 10 % of the 
ideal weight (and the excess was very slight in 2 of these 
cases). Thus the gains in weight here reported are easily 
attributable to the abolition of the tumor or X-ray intoxica- 
tion. A definite loss of weight was recorded only in 1 patient 
(No. 16), who was cachectic. 

Only in one case was the distribution of adipose tissue 
localized to areas atypical of men: in No. 4 who gained 
20 kg. in weight in the course of 10 years, the adipose tissue 
in the mammary region was very pronounced, but there was 
no true gynsecomasty. In no instance was there recorded any 
increased sweat secretion or typical loss of hair or decrease 
in the growth of the beard. In the 12 cases in which rectal 
exploration was performed at the reexamination, the prostate 
was found to he somewhat atrophic only in one. 

Blood cholesterol determination was performed in dupli- 
cate (after Gortz, 1934)^) in 9 cases — in every instance, 
more than six months after the hemicastration, and in 7 cases 
at least 4 years after. So, in judging of the values obtained 
it would seem safe to reckon that any eventual changes in 
the blood cholesterol concentration had made their appear- 
ance at the time of the analysis. The obtained values have 
varied from 153 to 212 mg. %; and only in two instances 
did the value exceed 200 mg. %, namely: 204 and 212 mg. %. 
These values cannot be taken as definite evidence of real 
changes, as the blood cholesterol level in any fairly large 
normal material shows a good many variations exceeding the 
limits given most frequently. 

Information about the sexual functions is available in 14 
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cases, and in no instance is there recorded any change in 
the sexual desire or capacity. This information, however, is 
to be accepted only with all reservation possible, as certain 
conventional ideas naturally make the patients hesitate to 
admit any impairment or inferiority in these delicate re- 
spects. Concrete information about this point was obtainable 
in 4 cases: 2 of these patients (Nos. 2 and 3) had begotten 
respectively 3 and 2 children after the hemicastration (in 
both of these patients the androgen excretion was mthin the 
normal limits — Awth 30 I. U. per day — and only one of 
them showed once a slight increase in the gonadotrophin ex- 
cretion). In two other cases (Nos. 1 and 7) with low ex- 
cretion of androgenic substances and increased gonadotrophin 
excretion, besides in Pt. No. 2 the semen was examined 
microscopicallij (condom specimen); in all three patients the 
semen was found to contain spermatozoa of normal shape 
and in normal numbers, and no abnormal cells were ob- 
served. 


Discussion. 

The hormonal analyses carried out on the urines of 19 
men in whom one testis had been removed on account of 
seminoma have confirmed our prerious observation; that in 
abovrt 75 % of such cases there is a demonstrable increase in 
the excretion of follicle-stimulating hypophysial gonadotrophin 
in the urine — in quite the same quantitative proportions 
and with the same frequency as in bilaterally castrated men. 
hike in a prerious case, one of these patients showed an in- 
creased gonadotrophin excretion before the primary tumor 
was removed. The gonadotrophin excretion was further found 
to be independent of the presence of tumor tissue in the 
organism; it persisted after the removal of the primary tumor, 
and it did not increase even on the appearance of metastases 
frorii the seminoma; and the excretion was observed before 
the X-ray treatment was instituted. 

So far it has not been practicable to explain by which 
mechanism the hypophysis was stimulated to increased gona- 
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dotrophin production in these cases. But on examination of 
the excretion of androgenic substances with the urine in these 
19 seminoma patients (and a few other cases of seminoma 
outside the present material) the androgen content of the 
urine was found to be very low, the average output being 
10 I. U. per day, while normal men excrete from 20 to a 
little over 100 I. U. per day, averaging about 50 I. U. Thus 
the androgen content of the urine of the seminoma patients 
was as low as that of the urine of male castrates. 

After this it seems more reasonable to assume that the 
gonadotrophin excretion in patients with seminoma of the 
testis, past or present, is secondary in relation to a low an- 
drogen production — just like in castrates and in cases of 
hypogenitalism. On the other hand it is not possible with 
certainty to decide the cause of the presumably lowered pro- 
duction of androgenic substances. More likely it is due in 
part to the reduction in the total amount of testicular tissue 
of the organism either from the development of the tumor 
in one testis or from the hemicastration. (A few analyses 
of the hormonal excretion in men who had been hemi- 
castrated for reasons other than a tumor of the tesUs and 
in whom there likewise was found a decrease in the androgen 
excretion and evidence of increased gonadotrophin production, 
lend support to this view). Further, it seems probable that 
a toxic effect from the tumor tissue in some cases — possibly 
in connection with the repeated applications of X-rays — may 
be a contributory factor in a reduction of the testicular hor- 
mone production, but not its sole cause. 

The clinical follow-up examination of the seminoma pa- 
tients revealed no definite evidence of any essentiel reduc- 
tion in the functional capacity of the testis (determination 
of the blood cholesterol concentration, examination of the 
skin and hair, inquiry about the sexual capacity, examina- 
tion of the semen, etc.). But this negative finding does not 
exclude the possibility of a lowered testicular function, a^ is 
evident from the fact that even bilateral castration after 
puberty in men does not give rise to the development of 
any characteristic type of castrates. 
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Summary. 

Among 19 men who all had been heraicastrated on ac- 
count of seminoma of the testis and who all had been given 
X-ray treatment in the Radium Station, Copenhagen, it was 
possible in 15 to demonstrate an increased excretion of hypo- 
physial follicle-stimulating gonadotrophin with the urine. Tliis 
excretion was independent of any development or absence of 
metastases. These patients also showed a very low excretion 
of androgenic substances (averaging 10 1. U. per day), i.e., 
only about Vs of the daily output in normal men, at the low 
level of the daily output in male castrates. 

Even though the clinical follow-up examinations of the 
seminoma patients failed to demonstrate any definite evidence 
of an essential reduction in the functional capacity of the 
testis, it is more reasonable to assume that the increased 
production of hypophysial gonadotrophin in the seminoma 
patients is secondary in relation to a decreased production 
of androgenic substances, xvhich presumably is due in part 
to a reduction in the testicular hormone-producing tissue 
of the organism. 

In 12 patients with chorionic gonadotrophin production 
{especially cases of mixed epithelionta of the testis and 
chorioepithelioma) there likewise was found to be a de- 
crease in the excretion of androgenic substances even though 
the excretion here was twice as great as in the seminoma 
patients — something that is taken to be due to stimulation 
of the testicular androgen production by the chorionic gona- 
dotrophin. 
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apparently similar conditions sufficed to explain the irregular, 
ofttimes very bad results of practical sterilization tests. 

In the work above quoted I endeavoured to test experi- 
mentally the entire formaldehyde sterilization problem from 
the very beginning and I arrived at results which fully coin- 
cide with the physical gas law's and which apparently give 
complete explanation as to the irregularities and contradic- 
tions which have prevailed between the results of earlier in- 
vestigators. In concluding the said work I put forth an idea 
of a new principle for formaldehyde sterilizations but with 
the omission of sufficient experimental demonstration for 
the proposed new principle’s practical reliability. 

How'ever, since then, I have made both experimental and 
practical investigations of the principle and it is the results 
of the same w'hich will now' be put forward. 

The instrument firm, Siille by name, in Stockholm, has 
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constructed a sterilizator for trial according to the author’s 
instructions and said principle (Fig. 1 — 2). Most of the ex- 
periments mentioned in the following are executed by means 
of this apparatus and for this reason a brief description 
would seen in place here. 

The sterilization apparatus. The sterilization chamber is 
40 cm. long 15 cm. broad and 15 cm. high; it is surrounded 
by a water-mantle which can be heated electrically and which 
functions as a thermostat. The door of the chamber is also 
fitted with a water-mantle and has its own heating device. 
On the inside of the door are tw’o containers for formalin 
through which air is allowed to stream w’hen it is introduced 
after the evacuation. By turning on a tap on the outside of 
the door this same air, or ordinary air, can be made to enter 
the chamber. A pipe runs through the roof of the sterilizator 
and by this means the evacuation takes place. The pipe is at- 
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tached to a manometer on which the total gas pressure in the 
chamber can be read. In the chamber are two shelves of 
coarse-threaded metal \wre capable of withdrawal, upon which 
articles for sterilization shall be placed. 

EXPERIMENTS. 

Two kinds of bakteriologic objects have been employed 
in the experiments, namely, objects with garden-soil and those 
infected with b. suhtilis spores. Soil, according to general 
opinion, is the most difficult of all things to sterilize and by 
reason of this, sifted soil is commonly used as indicator of a 
sterilizator’s effectivity. In sterilization tests with pure cul- 
tures suhtilis spores can be regarded as representative of the 
most resistant groups of bacteria. 

The comprehensive investigations which have shown that 
formaldehyde sterilization at hospitals in Sweden are com- 
pletely unreliable have been executed with soil as indicator. 
For the sake of comparison, and to some great extent, I availed 
myself of precisely the same sterilization objects in experi- 
ments wth the new method. Additionally have other tests 
been made with canals infected with soil or with b. subtilis 
as well as with infected catheters of various kinds. 

A. Tests with the same apparatus which was employed in the 
earlier mentioned work. 

Experiment No. i. Table I. Temp. 60° C. Time 2 hours. 

Objects; a) Woven catheter, 40 cm long, inner diameter 1.2 mm. 

b) Ureteral » , 74 » » , >> » 1.1 » 

c) » » , 70 » » , » » 0.7 » 

Following the infection, some centimeters of both terminals of 
the catheters were cut off and cultivated as controls for the bacteria 
percentage in their canals. After exposure to formaldehyde the cathe- 
ters were cut in pieces, each some centimeters long, which, after 
being cleft lengthwise and treated with sulphite, were shaken with 
50—60 gi-aded agar, all then being poured into a Petri dish and 
allowed to set. Of the objects b and c were only alternate bits 
cultivated. 

Results: all test bits were sterile. 
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Owing to these good results the firm Stille constructed 
the sterilizator described in the introduction and I will now 
proceed to give an account of the experiments with this ap- 
paratus. 


B. Tests with the sterilizator. 

Firstly should be given those tests executed with soil as 
the object. As already mentioned, in Sweden, when steriliza- 
tors are controlled, small packets of sifted soil in filter- 
paper, wrapped in ordinary brown paper, are preferably used. 
Only in cases where the soil after treatment is absolutely 
sterile can a fully satisfactory effectivity be counted upon. 

In the foregoing work I demonstrated that canals are spe- 
cially difficult to sterilize with the aid of formaldehyde gas 
and in this respect a new tests method has now been sub- 
mitted to experiment. 

Glass tubes whose canals varied in diameter, namely, 1, 2, 
3, 4 and 5 mm, were supplied \wth finely sifted soil so that 
the whole length of the canal contained soil, not however in 
any greater quantity transversely than that the greater part 
of the lumen remained free. Five pieces of such infected pip- 
ing of the above calibres, all 30 cm long, were exposed to- 
gether, and after the experiment the soil was shaken out of 
each into a Petri dish where was supplied firstly sulphite 
solution and afterwards liquid agar. The soil blended with the 
agar until the mixture showed a tendency to set. A couple 
of days were allowed to elapse in 37° thermostat and then 
was ascertained whether bacteria had developed or not. 
Experiments Nos. 48 — 40. Objects: soil-packets and soil-infected 
canals. Temp. 60° C. Time 2 hours — 50 minutes. 

Results: all test objects sterile (115 soil-tests and 115 canal- 
tests). Control media overgrown. 

Experiments Nos. 4/ — 4S. Table IJI. Same objects, same temperature. 
Times 45 — 30 minutes. 

Resiilts: all soil-packets sterile; canals: see Table III. 

Experiments Nos. 49 — 59. Objects: soil-packets. Temp. 60° C. Time 
20 — 5 minutes (5 Exp.s at 5 minutes). 

Results: all the soil-packets, 55 in number, were sterile. 



509 


These results were beyond my most daring expectations: 
sienlization of soil in packets in < 5 Min. at 60^ C. must be 
considered a particularly good result. On comparison wth the 
experimental results in Chapter V given in my earlier work 
the above results are, however, found to be fully explicable. 


Table 111. 


Exp. No. 

Temp, 

Time 

Growth 

on 

the media 





Canal calibre 1 

2 

3 

4 

5 mm 

41 

60® 

45' 

0 

0 

0 

0 

0 

42 

)> 

» 

0 

0 

0 

0 

0 

43 

» 

40' 

0 

0 

0 

0 

0 

44 

» 


+ 

0 

0 

0 

0 

45 

» 

35' 

0 

0 

0 

0 

0 

46 

» 

)> 

-t- 

0 

0 

0 

0 

47 

» 

30' 

+ ' 

+ 

0 

0 

0 

4S 


11 

-f 

+ 

0 

0 

0 

Experiments Nos. 

60—69. 

Table IV. Objects: 

soil-packets and soil- 

infected canals. Temp. 55® C. Time 1^30'— 4iy: 




Results: all the soil-packets sterile; canals: sec Table IV. 





Table JV. 





Exp. No. 

Temp, 

Time 

Growth 

on 

the media 





Canal calibre 1 

2 

3 

4 

5 mm 

GO 

55® 

l^SO' 

0 

0 

0 

0 

0 

61 

» 

1»>15' 

0 

0 

0 

0 

0 

62 

» 

Ih 

0 

0 

0 

0 

0 

63 

?> 

55' 

0 

0 

0 

0 

0 

64 

» 

11 

+ 

0 

0 

0 

0 

65 


50' 


0 

0 

0 

0 

66 

» 

» 

-f" 

0 

0 

0 

0 

67 

J) 

45' 

-1- 

+ 

0 

0 

0 

68 

» 

» 

+ • 

+ 

-f 

0 

0 

69 

)) 

40' 


+ 

-h 

0 

0 


Experiments Nos. 70 — SO. Objects: soil-packets. Temp. 55 — 40® C. 

Results: Sterility was obtained at 55® within 5 min. {15 tests), at 
40° within 10 min. (15 tests). 


Experiments Nos. S7 — 90. Objects: soil-packets and soil-infected 
canals. Temp. 17—21® C. Time 24, 20, 16 and 12 hours. 

Results: All soil-packets sterile. The finer canals (cal. 1, 2 and 
3 mm) were not sterile after 16 and 12 hours. 
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It now remained to execute tests with infected ureteral 
and urethral catheters as objects. The lumina of these were 
infected with suspensions of subtilis spores in a similar man- 
ner to that recorded in my earlier published work. In this 
case, however, I employed thicker spore-suspensions through- 
out. 


Experiments Nos. 9i — 94. Table V. Temp. 60° C. Time 2 hours. 
Objects; a) Rubber catheter, 42 cm long, inner diameter 2.8 mm 


b) Woven 

» 

, 37 


» , 

» 

» 

2.0 

» 

c) Ureteral 

y> 

, 66 

» 

» , 

» 

» 

0.5 


d) » 

)> 

, 71 


» , 

» 

» 

0.6 

» 

e) » 

» 

, 42 

» 

» , 

» 

» 

0,6 

» 

f) » 

» 

, 74 

» 

» , 

» 

» 

0.7 

» 


Results: all test bits sterile. 


Table V. 

Objects; a b c 

Number of colonies 1800 2000 250 

on the control media; 2000 2500 270 


d e 

95 43 

130 68 


f 

50 

70 


Experiments Nos. 93 — 99. Table VI. Temp. 60° C. Time 1 hour. 


Objects; a) Rubber catheter, 42 cm long 

b) Woven » , 37 » » 

c) Rubber piping, 40 » » 

d) » » , » » » 

e) » » , » » » 

f) » » , » » >> 

g) )> » , » » >> 

h) » » , » » » 

i) Woven catheter, 37 » » 

j) Ureteral » 54 » » 

Results: all test bits sterile. 


inner diameter 2.8 mm 


2.0 

2.5 
2.1 

1.6 
1.2 
1.6 
1.2 
1.6 
1.9 


Objects; • 

Number of colonies 
on the control 
media; 


Table VI. 

a b c d e 

450 210 700 650 
550 320 900 750 


f g h i j 


350 170 140 72 100 45 

350 350 200 150 140 66 
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These results clearly testify to the capacity of the appar- 
atus to sterilize catheters and even ureteral catheters of fine 
calibre in 1 — 2 hours at 60° C. It now became the question of 
endeavouring to fix the limits of the sterilization effectivity. 

In this connection one can proceed with the idea that the 
sterilization capacity is in proportion to the time of exposure 
and to the temperature but in reversed proportion to the 
degree of infection i. e. percentage of bacteria. It can also be 
assumed that the sterilization becomes more difficult the 
longer the canal in comparison with its inner diameter. The 
follouang experiments were made. 

Experiments Nos. 400 — 402. Table VII. Temp. 60° C. 

Obiects; a) Ureteral catheter, 74 cm long, inner diameter 0.4 mm 


b) 


» , 67 ft ft , 

» » 0.7 ft 

c) 


» , 72 » ft , 

ft ft 0.6 ft 



Table VII. 



Number of Colonies. 





Pieces of the exposed 

Exp. No. Object 

Time 

Controls 

catheters 

100 a 

1^30' 

2500, 3000 

0, 0, 0, 0, 0, 11, 92, 147, 
52, 2, 0, 0, 0, 0, 

101 b 

2b 

1600, 1800 

0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 

102 c 

2b 

1100, 1500 

0, 0, 0, 0, 0, 0, 0, 0, 0, 

0, 0, 0, 0, 0, 


From these experiments it is seen that ureteral catheters 
of fine calibre obviously become sterile in two hours at 60° C. 
in. the apparatus even with a degree of infection correspond- 
ing to 1000 — 2000 highly resistant subtilis spores per 4 — 5 
cm of their lumen, while absolute sterility seems not to be 
obtained under 1% hour’s exposure in the sterilizator at a 
higher degree of infection than -2000 — 2500 spores per 4 — 5 
cm of the canal’s lumen. Thus a good idea of the limit of the 
sterilizator’s effectivity seems to have been gained. An exact 
fixation of this limit is of no practical importance as, in ac- 
cordance with the above approximate determinations, it lies 
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sufficiently far from the conditions which could possibly arise 
in catheter sterilization in practice. 

In practice one might safely assume that catheters or 
other canalized instruments which should be sterilized, as a 
rule, contain less than some hundred highly resistant spores 
per cm of their lumen. On the other hand it can not be ex- 
cluded that canals, on one or other occasion can house a 
greater number of non-spore-forming bacteria. These are, 
however, considerably easier to kill than spores. Although 
this is well-known, the following complementary test was 
made. 

Experiment No. i03. Temp. 60® C. Time 1 hour. Object: 72 cm 
long ureteral catheter, inner diameter 0.6 mm. This catheter was 
infected with a thick suspension of staph, aureus. 

Result: Controls; > 20,000 staph, per piece of the catheter. The 
whole of the exposed part was absolutely sterile. 

On the basis of the above experimental results one should 
be justified in assuming that the sterilizator under practical 
conditions can be considered to have a fully reliable effectivity 
as regards all kinds of catheters and other canalized surgical 
instruments at a temperature of 60" C. and an operative time 
of 2 hours. 

For canals of coarser calibre than approximately 1 mm., 
shorter than 30 — 40 cm., can a sterilization period of 1 hour 
at 60" generally be considered sufficient, and for simple 
surface sterilization 5 min. at 60" would suffice. 


The practical importance of the experimental results. 

The problem of formaldehyde sterilization, as already men- 
tioned, has mainly consisted in the fact that, among other 
things, certain surgical instruments by reason of their material 
character or construction can not be sterilized by means of 
heat (dry or autoclave sterilization), nor have they been found 
adapted to sterilization through liquid chemical disinfectants. 
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The only harmless remaining method has been treatment 
■with formaldehyde gas. Although formaldehyde sterilizators 
have proved to be insufficiently effective one has continued 
to use them because no other expedient existed. Thus, for 
instance, ureteral catheters have never been sufficiently 
sterilized and this has involved rather great risks. Such a 
catheter has been used in the one case in diagnosing kidney 
tbc and in another for retrograde pyelography where virulent 
the bacteria can have been ejected into a healthy kidney 
pehis. For endoscopes in general no effective sterilization 
method has hitherto existed which is simultaneously harmless 
to the instrument, and consequently endoscopical investiga- 
tions and operations have been combined wdth infectional 
risks. 

Undoubtedly sterilization difficulties have exercised a con- 
siderable inhibitive influence upon technical development in 
the surgical field. 

The sterilization problem exists even for the simplest 
surgical instruments. An ordinary knife, for instance, and still 
more, of course, a transplantation knife, is harmed both by 
dry and autoclave sterilization. For rubber gloves and cathe- 
ters there has been no sterilization method either up to the 
present, ^Yhich is both effective and harmless. 

The formaldehyde sterilizator now described by the author 
should be capable of solving all the said sterilization ques- 
tions. In the first place it can he used for sterilization of all 
kinds of compact objects {witliout inner canals or other hol- 
lows), when sterility can be obtained in 5 min. at 55 — 60° C. 
i. e. a temperature which all the material of surgical instru- 
ments can stand. If, in the future, some specific use should 
arise for a material specially sensitive to heat, this can be 
surface sterilized in 10 min. at 40° G., in the apparatus. 

Short sterilization periods are of great practical value, of 
course. 

As comparison can be mentioned the sterilization ettectivity of 
the formaldehyde apparatus whiclr has hitherto been considered the 
most effective at the Swedish hospitals. Such an apparatus has re- 
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cently been controlled at our laboratory. I personally tested it with 
the same objects i. e. the soil-packets and soil-infected canals, which 
were used in the previously given tests. It proved that for the sterili- 
zation of soil-packets at 60® C. a period of 1% hours was required 
when formalin was used; but with paraformaldehyde which is most- 
ly employed in practice sterilization was not obtained even after 
3 hours. The soil-infected canals remained non-sterile in all tests. 

The principle aim of my apparatus concerns canalized 
surgical instruments such as endoscopes, catheters, etc. The 
above experiments show, in this connection, that for canals 
of coarser calibre than 1 mm, shorter than 30 — 40 cm, a 
sterilization period of 1 hour at 60® C. can be considered 
reliable. This applies also to canals contaminated by dust 
from the air or the floor. All kinds of endoscopes hitherto 
used, even the sensitive prostataelectrotomes can be regarded 
as sterile in an hour in the apparatus without sustaining any 
damage. Similarly urethral catheters of every type can be 
effectively sterilized -vvithin one hour at 60®. For ureteral 
catheters the time must be extended to two hours owing to 
their greater length and finer canal calibre. 

The above mentioned tests made with the hitherto most 
effective formaldehyde apparatus in Swedish hospitals proved 
its absolute ineffectirity to sterilize canals. 

When the objects are removed from my apparatus after 
sterilization has taken place, evacuation follow's and, after- 
wards, pure filtered air is let in. In this way there is no neces- 
sity for anyone to come in contact with greater quantities of 
formalin vapour, and the sterilization room is kept free 
from the same. 

According to my experience little use is made of formalin 
in the apparatus. One can employ the ordinary technical 
formalin solution (35 — 40 %) and, as a rule, the containers 
need not be refilled until 75 — 100 sterilizations have been 
made. No condensation of paraformaldehyde in the containers 
was obsers^ed during the experiments. In tests with the other 
apparatus, however, the one now used in practice, there 
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occurred considerable condensation of paraformaldehyde in 
the containers, so that they had to. be cleaned and refilled 
with fresh formalin already after 2 — 3 sterilizations. 

As a standard control of the effectmty of formaldehyde 
sterilizators I would propose the following test: 

3 small packets of soil and 3 glass tubes, 30 cm long with 
a 1 mm inner diameter containing a little dry, sifted soil, are 
placed in the apparatus. Following treatment in the usual 
manner the soil from both packets and tubes is cultivated on 
agar. Should colonies develop the sterilization has not been 
sufficiently effective. 


Summary. 

A formaldehyde sterilizator has been constructed on lines 
laid down by the author in an earlier published work (cf. 
footnote on p. 1). 

During a large number of experiments this apparatus has 
proved to be exceedingly effective and in this respect exceeded 
my highest expectations. 

At 55 — 60° C. — a temperature which is harmless to all 
surgical material — complete surface sterilization w’as ob- 
tained in less than 5 min. 

At 40° C. surface sterilization was reliable after 10 min. 

Tire time needed for surface sterilization -with the hitherto 
most effective apparatus at Swedish hospitals is IV 2 hours 
when formalin is used which, howmver, seldom occurs 
because it entails some disadvantages; paraformaldehyde, 
employed according to custom, requires more than 3 hours. 

Compact objects such as sharp edged knives (transplanta- 
tion knives), diagnosis endoscopes and other sensitive instru- 
ments of metal, rubber, ebony, glass (optical instruments) 
etc. can thus be sterilized in 5 min. in the apparatus, without 
sustaining damage. 
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Instruments wth canals, for instance, operation cysto- 
scopes become sterile in one hour at 60° C. and ureteral 
catheters in two hours at 60°. For such sensitive canalized 
instruments no sterilization method has hitherto existed. 

A proposition concerning standard control is put forth. 



AUS DEM PATHOLOGISCHEN lE'STlTUT DER UNIVERSITAT, 
LEND, SCHWEDEN. 


STAPHYLOKOKKENSTUDIEN XVI. 

WAS BEDEUTET DIE NEGATIV CHEMOTAKTISCHE 
SUBSTANZ FUR DIE STAPHYLOKOKKENINFEKTION? 

Von J. Forssman. 

(Eingegangcn bei der Redaktion am 5. Februai’ 1941). 

Die starken Meinungsverschiedenheiten, die sich in den 
letzten Jahren hinsichtlich der Pathogenese der Staphylo- 
kokkeninfektionen geltend gemacht haben, bi’achten es mit 
sich, dass u. a. aiicb die negativ cbemotaktiscbe Substanz, 
welcbc die Stapb 3 'lokokken angeblich besitzen, in den Vorder- 
grund geschoben worden ist. Man hat sie fiir den entschei- 
denden Faktor der besagten Pathogenese und ebenso als An- 
tigen fiir ausscblaggebend fiir die Immunitiit gegen die Sta- 
phjdokokken gebalten. 

Die in Rede stehcnde Substanz soli ja auf die mobilen 
Zcllen, die Leukocyten, ein'wirken und sie dem Infektions- 
berde feriibalten, wodurch die Stapliylokokken Zeit bekamen, 
sich zu vermebren und ihre Gifte zu erzeugen. Gelange es 
dagegen den Lcukocj'ten, an den Infektionsherd heranzukom- 
men, so vernichteten sie (durch Phagocjdose) die vorhande- 
nen Kokken und erstickten dadurch die Infektion. Demge- 
niiiss bebaupten die Vertreter der neg. chemotaktischen Sub- 
stanz auch vorbehaltlos, »dass die Lcukocj’ten den \\drksamen 
kcimlotenden Faktor gegen die Pyokokken ausmachen« (8). 

Diese Ansicht fiber die Rollc der Leukocjden fiir die Be- 
kiimpfung der Stapliylokokken fusst in der Hauptsacbe auf 
der Beobachtung, dass eine Injektion virulenter Stapbjdokok- 

Ani pith. Vol. XVIII, IV 
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ken in mehrfacli todlicher Dosis intraperitoneal oder intra- 
pleural (nicht intravenos!) unwrksam (8) bleibt, wenn man 
ihr eine gewisse Menge Leukocyten beifiigt. Hierzu ist zu 
bemerken: Da ein grosser Zusatz von Leukocyten zu einer 
Staphylokokkenaufschlammung in vitro nacb. allgem einer Er- 
fahrung eine sehr kraftig Phagocytose bewirkt, ist es nichts 
Aufselienerregendes — obwohl interessant — dass gleichfalls 
eine starke Pbagocytose auftritt, wenn man dasselbe Gemisch 
in einen praformierten Hohlraum in vivo statt in vitro ein- 
fiihrt, wobei die phagocytierenden Kokken vernichtet war- 
den. (Wenn nun ihre Vemichtung aussliesslich auf die Phago- 
cytose zuruckzufiihren ist, was nicht als be\\iesen gelten 
kann). 

Nicht weniger interessant aber ist folgendes: Wiirde man 
das genannte Gemisch — Staphylokokken + Leukocyten — 
intravenos einspritzen, so wurde sich der Leukocytzusatz mit 
aller Wahrscheinlichkeit als wirkungslos erweisen und das 
Tier wiirde sterben, analog den Verhaltnissen beim Milzbrand 
(8). Wahrend hier namlich eine intraperitoneale oder intra- 
pleurale Einverleibung von Milzbranderregern und Leuko- 
cyten in passenden Proportionen die Tiere (Meerschweinchen 
und Kaninchen) fast unberiihrt lasst, ebenso %vie die' ent- 
sprechende Einspritzung von Staphylokokken und Leuko- 
cyten, bewirkte dagegen die iniravendse Injektion des Gemischs 
den Tod der Tiere ebenso schnell, wie die reine Bazillenemul- 
sion, also ohne beigemischte Leukocyten. Hier sieht man also 
nicht die Spur eines Schutzes durch die Leukocyten. Somit 
zwei Versuche, die ganz entgegengesetzte Ergebnisse gezeigtigt 
haben, wo der Einverleibungsweg ausschlaggebend fiir den 
Erfolg ist und das giinstige Ergebnis den besonderen Bedin- 
gungen zuzuschreiben sein diirfte, welche die praformierten 
Hohlraume Peritoneum und Pleura darbieten. 

Man hat diese divergenten Ergebnisse damit erkliiren wol- 
len, dass der Kontakt zwschen Leukocyten und Milzbrand- 
erregern (bz^v. Staphylokokken) im Kreislauf zu wenig »in- 
tim« sei, so dass die Leukocyten keine Gelcgenheit fiindcn, 
die Mikroorganismen zu vernichten. Dazu ist nun zu bemer- 
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ken, dass wir gar niclits dariiber wdssen, vde sich der besagte 
Kontakt in den Kapillaren gestaltet; er kann dort vielleicht 
recht eng sein, und die Pbagocytose kann dutch im Blule 
eUva vorliandene Stoffwecbselprodukte verhindert bzw. gefor- 
dert werden. Zum Vergleich mochte ich, auf die Tatsache 
hiu'weisen, dass nach intravendser Einspritzung von beispiels- 
weise 150 Millionen ^dr^lenten Staphylokokken an Kanincben 
die Zahl der Kokken im Blut in der Regel bereits nach 5 
Minuten von urspriinglich 1.600.000 pr, cc. auf ein Hundert- 
stel Oder ein Tansendstel dieser Ziffer gesunken ist (2, 3). 
Und dies zum allergrosslen Teil infolge der Tatigkeit von 
Milz und Leber. Also ein ausserst schnell ablaufender Vor- 
gang im Kreislauf, ivo der Kontakt zwischen Kokken im Blute 
und Retikuloendothel sich als ausreichend fiir die Aufnahme 
dieser Kokken erweise. Die Dinge liegen, mit einem Wort ge- 
sagt, nicht klar genug, um eine bestimmte Aussage hinsicht- 
lich der Ursachen der in Rede stehenden Divergenz zu ge- 
statten. 

Gehen wir nun zur einfacben Stapbylokokkeninfektion 
iiber, so nissen ndr dagegen mit Bestimmtheit, dass die ein- 
fache tddliche Dosis je nach der Infektionsstelle erheblich 
verschieden sein kann; \vo aber die Infektion auch erfolgt 
sein mag, die grosse Gefahr, die Lebensgefahr besteht bei 
Mensch wie Tier in dem Eindringen der Staphylokokken in 
die Blutbahn, wobei natiirlich die Anzabl der eingedrungenen 
Staphylokokken fiir den Ausgang entscheidend ist. Der Haupi- 
anteil der in den Kreislauf eingedrungenen Kokken wrd da- 
bei nachweislich von den Zellen des retikuloendotbelialen Sy- 
stems aufgenommen und nird — geeignete Dosierung vor- 
ausgesetzt — vernichtet, wahrend die Leukocyten hierbei je- 
denfalls nur in ausserst geringem Umfang teilnelimen. Dies 
ist von melireren Forschern, darunter auch von mir (3), nach 
intravendsen Injektionen von Staphylokokken an Kaninchen 
festgestellt worden; 0rskov (7) hat dasselbe auch bei Mausen 
gesehen. Die Minderzahl von Kokken, die dann in Organe mit 
schwacher rclikuloendothelialer Ausrustung gelangt, hat da- 
gegen gute Aussichten, sich zu ent\sdckeln und neue Staphy- 

34 * 
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lokokkenherde zu bewirken, von wo der Kreislauf erneut iiber- 
schwemmt werden kann, die retikuloendothelialen Zellen er- 
neut uberfiillt werden konnen und der Tod evtl. eintreten 
kann. 

Dementsprechend findet man nach intravendsen Slaphylo- 
kokkeninjektionen beim Tode der Tiere niemals Eiterherde 
in Milz und ausserst selten in Leber — den retikuloendothcl- 
rcichsten Organen — mogen die Tiere bald Oder spater nach 
den Injeklionen verendet sein, wahrend man dagegen Eiter- 
herde stets in den Nieren und fast ebenso regelmassig im 
Herzmuskel sehen kann, wenn die Tiere wenigstens (2 — ) 3 
Tage nach der Infektion fortgelebt haben. (Tritt der Tod 
innerhalb von 24 Stunden ein, so haben sich noch keine Eiter- 
herde bilden konnen, obwohl die Nieren auch dann schon 
Staphylokokken enthalten). Und diese Eiterherde sind mit 
Leukocyten angefiillt, die also hinzugestromt sind — der 
negativ chemotaktischen Substanz trotzend, wenn eine solche 
iiberhaupt existiert — , ohne jedoch die Infektion an Ort und 
Stelle hemmen zu konnen. 

Ganz entschieden wrd also die Phagocytose der in den 
Kreislauf gelangten Staphylokokken in erster Linie durch das 
Retikelendothel besorgt, was natiirlich nicht verhindert, dass 
die Leukocyten sich an der Arbeit beteiligen, und dasselbe 
gilt von den retikuloendothelreichen Organen (Milz, Leber), 
doch iibernehmen die Leukocyten den Kampf gegen die Sta- 
phylokokken nach ihren Kraften in steigendem Grade, wo 
der retikuloendotheliale Einschlag der Organe geringer ist. 

Und im immunen Organismus verhalt es sich nicht anders, 
nur dass die Phagocytose in den betreffenden Zellen viel 
schneller vor sich geht (2). 

Dass die Leukocyten keineswegs von entscheidender Be- 
deutung fiir die Immunitiit gegen die Staphylokokken sind, 
zeigen iibrigens auch einige Versuche Flaums (1, S. 90). Drei 
Kaninchen (Nr. 123, 130 und 135), die er immunisiert hatte, 
bekamen eine todliche Dosis Staphylokokken intravenos ein- 
geimpft. Am Tage nach der Impfung wurde ihr Blut u. a. 
auf den Gehalt an weissen Blutkorperchen, speziell an Lcuko- 
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cytcn, imtersucht. Es zeigte sich, class die Ticre Nr. 123 und 
Nr. 135 6150 bzw. 5100 pro cmm hatten, also etwa wie ein 
normales Kaninclien, wahrend Nr. 130 19.600 pro cmm liatte. 
Das letztere starb indessen von der Infektion am dritten Tage 
nacb der Impfung, -wahrend die beiden andern iiberlebten. 
Almliclics babe icb bei einigen eigenen l^’ersucben gesehen. 

Die Behaiiptiing, die •»polijmorphkerniffen Leukocyten aus- 
macbcn das keimvernichtcnde Agens des TieTkdrpcrs« gegen 
die Staphylokokken, ist somit irrefiihrend ; sie nehmen an 
dem Schutz gegen die Kokkcn teil; nichis iveiter. 


Bevor icb weitergehe, miiss icb eine techniscbc Frage ab- 
handeln, die in dem vorliegenden Fall von der grossten Be- 
dcutimg ist. Wie wr sahen, spielt die iniraplenrale Einver- 
leibnng der Staphylokokken bei den obengenannten Proben 
auf die Kraft der Leukocyten, die Enhvicklung der Stapby- 
lokokken im Organismus zu hemmen, eine beherrschende 
Rolle, imd dasselbe gilt aucli bei den Versuchen, die Auf- 
bcbung der negativ chemotaktisclien Substanz der Staphylo- 
kokken durch Staphylokokkenantiseren zu bestimmen (10). 
Angesiebts dessen muss man sich die Frage stellen, welcher 
Wert solcben intraplcuralen Injektionen dann beigemessen 
werden kann. Pettersson ist selbst offenbar der Ansicht, sie 
lieferten iiusserst regelmassige und zuverlassige Ergebnisse, 
cntscliieden bessere als die intravenosen Injektionen. Er 
schreibt: »es ^Yurde absichtlich die intravenose EinfiUirung 
der Kokken vermieden, weil diese meiner Meinung nacb reebt 
variierendc Resultate giebt« (10, S. 352). — Mil dicser An- 
sichl diirfte Pettersson doch ziemlicb allein dastehen. 

Die intravenose Einverleibung dcr Staphylokokken, die 
Neisscr in seiner grossen Monographic iiber diese Kokken (4) 
als die klassiscbe bezeiebnet, ist von den allermeisten For- 
schern auf diesem Gebiet (icb verzichte auch nur auf den 
^ ersucb, alle Namen aufzuzablen) als Virulenzprufmethode 
angewandt warden, und zwar mit ausgezeichnelem Erfolg. 
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Proscher (13) verwandte sie bei seinen Serumbestimmungen 
und land sie »fur cine exakte Bestimmung notwendig«. Er 
schreibt: »Wie ich micli in ciner grossen Anzahl von Ver- 
suchen iiberzeugt babe, gibt die nach dieser Methode ausge- 
fuhrte Wertbestimmung ausserst exakte Resultate.« Selbsl 
babe icb micb dieses Einverleibungsweges bei Virulenzbestim- 
mungen und Virulenzkontrollen bedient und micb im Laufe 
der Jabre an etwa 500 fiir diesen Zweck venvendeten Tieren 
von der Exaktbeit der Metbode iiberzeugen konnen. 

Dass die intrapleurale Injektion exaktere Ergebnisse zei- 
tigen sollte als die intravenose, ist a priori absurd, soweit 
nicht die Pleuralwhle operativ eroffnet und die Staphylokok- 
kendosis direkt im Pleurasack deponiert ivird. Da Pettersson 
nicbts dariiber angibt, ob er sicb dieses umstandlichen Ver- 
fahrens bedient bat, muss man annebmen, dass er die intra- 
pleurale Injektion ganz einfacb mit einer gewobnlicben In- 
jektionsspritze, deren Spitze durcb die Brustwandung gesto- 
cben wurde, ausgefiibrt bat. Zwar kann man annebmen, dass 
die Lunge einigermassen vor der Spritzenspitze zuruckweicbt, 
besonders wenn diesc stumpf ist, docb muss man sicb of- 
fcnsicbtlicb auf den gliicklichen Zufall verlassen, damit die 
Spritzenoffnung ganz in die minimale Spalte miindet, die zwi- 
scben den beiden Pleurablattern verlauft. In vielen Fallen 
lasst es sicb nicbt vermeiden, dass die Spitze ganz oder teil- 
weise entweder in der Intercostalmuskulatur bleibt oder jen- 
seits der Pleura in die Lunge eindringt, mit dem Ergebnis, 
dass nur ein Teil der Fliissigkeit oder gar nicbts in den 
Pleurasack gelangt; und damit sind die Resultate bocbgradig 
verschieden. 

Dass dies nicht nur theoretische Spekulationen sind, son- 
dern dass es ^^elmeh^ den tatsachlichen Verbal tnissen enl- 
spricht, diirfte, was die menschliche Pleura angeht, jedem 
Kliniker klar sein, der einige Erfahrung in Pleurapunktionen 
besitzt. Fiir die Kaninchenpleura wird dies in vorziiglicher 
Weise von Noetzel (6) beleuchtet. Er bericbtet in seiner Arbeit 
iiber eine Menge intrapleurale Injektion von je einer bis dreizen 
todtlichen Dosen an diesen Tieren, wobei 3>jedesmal gleich- 
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zeitig gleich ^^ele grosse, kraftige Tiere zur Halfte mit, zur 
HaUte ohne Pneumothorax infiziert wurden«.’^) Durch Ver- 
wendung »einer stumpfen Kaniile (doch nicM stumpfer, als 
dass man die Haul durchstechen konnte)« glaubt er sich 
versichert zu haben, dass die Injektionen wirklich in der 
Pleura landeten, was sich indessen als ein offenkundiger Irr- 
lum lierausstellt. Bei der Sektion der mit Spritze und Ka- 
niile pleurainjiziertem Tiere, 24 an der Zahl, zeigten 8 Ah- 
szesse an der Impfstelle, und von diesen hatten 2 ausserdem 
Abszesse an Oder in der Lunge, 2 bloss Lungenabszesse und 
1 Abszesse vor dem Perikard, wahrend bemerkt uard, dass 
die Pleura bei 18 der 24 Tiere gesund, bei 11 von ihnen gar 
steril war; von den iibrigen 6 Tieren hatten 5 nur einige 
Fibrinfasern und einen minimalen Erguss als Pleuraveriinde- 
rung, und nur ein einziges Tier hatte ein grosses Empyem 
mit Reinkultur von Staphylokokken, was jedoch auch Noetzel 
selbst als das Ergebnis einer Fehlinjektion infolge einer »Impf- 
ver]etzung« der Lunge betrachtet. Und dieses Ergebnis, wah- 
rend gleichzeitig samtliche 26 paralleling izierten Pneumo- 
thorax-Tiere, bei denen die Staphylokokkendosis wirklich in 
der Pleura dcponiert worden war (wenn auch moglicherweise 
vor dem Zunahen etwas herausgesickert sein konnte), mehr 
Oder weniger starke fibrinose Oder fibrinopurulenle Oder rein 
purulente Pleuritiden aufwiesen, die in 7 Fallen schnell zum 
Tode fiihrten. 

Die Verschiedenheit- zwischen den mit Spritze und den 
nach Eroffnen des Brustkorbes infizierten Tieren erklart aller- 
dings Noetzel durch die ungleiche Technik fiir die beiden 
Gruppen ohne die Moglichkeit genug zu beriicksichtigen, dass 
sie durch Fehlinjektionen zu verstehen Avar. Dass aber ein 
einfaches, momentanes Offnen der Pleura eine solche tief- 
gchende Wirkung haben Aviirde, ist erstens hdchst unwahr- 
schcinlich und dass es thatsachlich um Fehlinjektionen han- 
delte, geht aus einem Vergleich mit den vmn Pettersson und 


h Die PneumothoraX'Tiere bekamen durebaus nur je 1 bis 3 
todtliche Dosen. 
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den gleich imtcn referierlen, von mir vorgenommcnen Pleura- 
in jektionen offensichtlich hervor. 

Hier ist demnach ivahrscheinlich bei keinem einzigen der 
24 mit Spritze und Kaniile inirapleiiral geimpften Tiere die 
voile Dosis in die Pleura gelangt; bei samilichen isi die 
Injekiionsfliissigkeit entweder iiherhaupt nicht oder nur zii 
einem dusserst geringen Teil in der Pleura gelandet, sondern 
andersivo. 

Um mir nun personliche Erfahrung hinsichtlich der intra- 
pleuralen Injektionsmethode zu erwerben, babe ich an ins- 
gcsamt 16 Kaninchen bei vcrschiedenen Gelegenheiten diesc 
Injektionen in ilirem Verhaltnis zu und parallel mit der intra- 
venosen (11 Kaninchen) gcpriift; dabei babe ich vier ver- 
schiedene Staphylokokkenstamme benutzt. 

Alle inlravends, mit je einer schnell todlichen Dosis inji- 
zierlen Tiere starben eUva nach der berccbneten Zeit und 
wurdcn obduziert, -vvobei die fiir solche Falle kennzeichnenden 
Obduktionsbefunde erhoben wurden. Die intrapleural, mit je 
einer bis fiinf intravenos schnell todlichen Dosen injizierten 
Tiere, die verendeten oder gelolet wurden, wurden natiirlich 
auch obduziert und besonders daraufhin untcrsucht, oh An- 
zeichen dafiir vorlagen, dass die Injektionsfliissigkeit in der 
Muskulatur oder in der Lunge verblieben war. In zwei Fallen, 
wo die Tiere lebten, wo aber kein bzw, ein nur sehr geringer 
Gewichtsverlust den Verdacht erweckte, dass die Injektion 
an einer unrichtigcn Stelle und nicht in der Pleura gelandet 
sei, wurden die Tiere nach 2 — 3 Tagen getotct, und bei der 
Obduktion zeigtc es sich, dass die Injektion bei dem einem 
Tier in die Intercostalmuskulatur gegangen war, wo ein gel- 
bcr, enorme Mengen von Staphylokokkcn enthaltender Knoten 
dies bezcugte, wiihrend die Pleura normal war, ohne Inhalt, 
und in dem zwcilen Fall bestand zwar cine schwere Pleuritis, 
daneben aber ein grosses Infillrat in der Lunge, welches In- 
filtrat enorme Mengen von Slaphylokokken in Reinkullur cnl- 
hielt. Es zeigtc sich, dass ausser den beiden obcngenanntcn 
Ticren noch weitere 2 dcr 16 intrapleural injizierlen Tiere 
den Impfstoff in die Intercostalmuskulatur bzw. in die Lunge 



525 


(jc ein Tier) bekommen batten, und in einem weiteren Fall 
muss es unentschieden bleibcn, ob nicbt die Injektion zum 
Teil in die Lunge eingedrungen ist. Bci wenigstens einem 
Viertel aller so injizierten Tierc ist also die Injektionsfliissig- 
kcit iiberbaupl nicbt oder nur zu einem geringen Teil in 
der Pleura gelandet, sondern anderswo, Und dies, ohne dass 
man cine Moglichkeii hat, bei der Jnjeldion zu kontrollicren, 
wohin die FUissigkeit gelangt, und auch spiiter, bei der Sek- 
lion, besteht nur eine sebr beschrankte Moglichkeit zu sol- 
dier Kontrolle. 

Die iibrigen 11 Tiere batten serofibrinose, fibrinopurulente 
Oder purulente Pleuritis mit grossen Ergiissen, jc nacb dem 
Zeitraum zwiscben der Impfung und dem Tode der Tiere. 

Besteht also bei intrapleuraler Injekiion keine Moglich- 
keit zu kontrollicren, wohin die Injektionsfliissigkeit wirk- 
lidi kommt, so kann man hingegen ja bei der intravcnosen 
Injektion z. B. in die Randvene des Ohres nach Entfernung 
des Haares und Waschen aiisnahmslos deutlich sehen, wie die 
eindringende Injektionsflussigkeit das Blut aus dem Gefass 
zuniiichst verdriingt und dass nach der Injektion das Blut 
dann wieder zuriickstromt, so dass man also bei dieser Form 
dcr Injektion voile Gewissheit erhiilt, dass der Impfstoff wirk- 
lidi dem Blut zugefubrt worden ist, also dabin kommt w'ofiir 
er beabsichtigt war. 

Angcsichts dieser Umstande bei Titrationen und Kontrollen 
die intravenose Methode zugunsten der intrapleuralen zu- 
riicklreten zu lassen, erscheint mir nicht angebracht, obwohl 
Peltersson aus seiner Erfahrung gute Erfolge mitzuteilen 
Weiss. Ich kann die intraplciirale Methode nicht anders als 
nnsichcr betrachten. 

Peltersson und vor ihm anderc Forscher (4), z.B. der oben- 
genannte Noclzel, haben, auf ihre Versuche gesliilzt, behaup- 
Id, die Kaninchen vertriigen intrapleural bctrachtlich hbhere 
Dosen als intravenos. So gibt Pettersson die kleinsle intra- 
venos schnell todliche Dosis mit % ose an, die entsprechen- 
de inlrapleurale soli 12mal grosser sein, also 6 osen. In wel- 
chem Grade bier Fehlinjcktionen wie im Fallc Noelzel mit- 
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gespielt liaben, kann ich niclit sagen. So\del glaube icb jedocb 
auf Grund meiner nicbt ganz wenigen Versucbe bebaupten 
zu konnen, dass dieses Verbal tnis bei verscbiedenen Stam- 
men betracbtlicb wecbselt. 


Nun zur Frage nacb dem Vorbandensein der negativ cbe- 
motaktiscben Substanz in den Stapbylokokken und ibre 
etwaige Bedeutung. 

Als Beweis ibrer Existenz fiibrt man vor allem an, dass 
Tieren, denen eine innerbalb kurzer Zeit, z. B. 24 Stdn., tod- 
liche Dosis Stapbylokokken intrapleural einverleibt worden 
ist, ein leicbt triibes, seroses Exsudat aufweisen, das durcb 
bamolysierte Blutkorpercben leicbt gerotet ist und einen sebr 
scbwacben Fibringebalt bat. Die Armut an Zellen soli dar- 
auf beruben, dass die negativ cbemotaktiscbe Substanz die 
Leukocyten daran hindert, herbeizustromen. 

Indessen ist diese Erklarung der Beschaffenbeit des Exsu- 
dats keineswegs sicher pder auch nur ■wahrscheinlicb. Unter- 
sucht man das besagte Exsudat ein wenig naher, so zeigt es 
sich, dass die leichte Triibung wenigstens zum Teil von Leuko- 
cyten herriihrt, die wahrscbeinlich bereingekommen sind und 
somit der vermeintlichen negativ chemotaktiscben Substanz 
haben trotzen konnen. Die Beschaffenbeit eines Ergusses be- 
rubt ja iibrigens auf der Reizintensitat und der Art der ent- 
ziindlicben Gefasscbadigung. Bei einer leicbten Gefasscbadi- 
gung seben war ein seroses Exsudat; siebe z. B. unsere rbeu- 
matiscben oder tuberkulosen Pleuritiden mit in der Regel 
leicbten Erscbeinungen, die ja aucb grossenteils obne weite- 
res ausbeilen. Nimmt die Heftigkeit des Reizes und damit der 
Gefasscbaden zu, so verstarken sicb parallel dazu sow'ohl der 
Fibringebalt als der Zellenreicbtum des Exsudats.*) Ein sero- 


*) Vergleiclie hiermit die Verhaltnisse bei den Pneumococcen. 
Diese Bakterien werden allgemein als -wahrliaft negativ cliemotakti- 
sche Mikroorganismen vorgezeigt. Und dock, sielie nur an die Pneu- 
mococcpneumonien, wo ja von Anfang an und in immer steigernden 
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scs Exsudat, we es oben kurz beschrieben wurde und wie man 
es nach Einfiihrung grosser Staphylokokkenmengen in die 
Pleura siebt, brauclit also nichls anderes zu bedeuten — und 
till cs sicberlich aucli nicht — , als dass eine leiclite pleurale 
Rcizung als Fru/iresultat der Injeklion bestanden hat. Ware 
das Tier langer am Leben geblieben, so hiitten Fibrin- und 
Leukocytengehalt siclierlicli zugenommen. Einen Eindruck 
davon gewinnt man, wenn man statt der genannten grossen 
Stapbylokokkendosis mit einer kleineren Menge impft, so dass 
das Tier z. B. erst nach 3 Tagen stirbt. Dann siebt man nam- 
lich ein Exsudat, das sowolil an Fibrin als an Zellen reich 
ist, und senkt man die Dosis noch mehr, so dass das Tier 
z. B. eine Woche am Leben bleibt, so finden war bci der Sek- 
tion ein dunnfiiissiges graugelbes Exsudat mit Massen von 
Leukocyten, die meisten nekrotisch, und die Pleura ist von 
einer ein bis zwei mm starken zottigen Fibrinmembran iiber- 
zogen, die mit Exsudatzellen durchsetzt ist. Die Fliissigkeit 
und besonders die Oberflaclienschichten enthalten grosse 
Mengcn von Staphylokokken in Reinkultur. Hier sehen wir 
also dicselbe Staphylokokkenaufschlammung, die in der gros- 
sen Dosis die serose Pleuritis hervorrief , in kleinerer Dosis 
cine fibrinopurulente Pleuritis hervorrufen. Hier sind die Leu- 
kocijten nach Infekiion mit der kleineren Dosis herbeige- 
stromt, ivdhrend die grosse Dosis ivegen des schnellen Ver- 
lanfs keine Zeit zur Hervorbringung ausreicbender Mengen 
gifliger Stoffe fiir einen starken Reiz Hess. 

Soweit icii sehe, stellt der erstgenannte Pleuraversuch kei- 
nen Beweis fiir das Vorhandensein einer negativ chemotakti- 
schen Substanz in den Staphylokokken dar. Dass sich das 
Bild verandert, \venn man die Staphylokokkenaufschlammung 
mit einem Staphylokokkenantiseruni versetzt, so dass Leuko- 
cylen hinzustromen, ist eine vieldeutige Erscheinung, da das 
Serum teils selbst Leukocyten anzieht, teils der Einfluss der 
durch den Serumzusatz erhaltenen Stoffwechselprodukte nicht 
klar zu iiberblicken ist. 

Mengen bis zur Krise die Leukocyten aus den Kapillaren in die 
Alyoolen liinausstromen olmc durch die negativ clicmotaktisclie 
M irkitng der Pncumococcen verhindert zu werden. 
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Als einen zweiten Beweis fiir das Vorliandcnsein eincr 
negaliv chemotaktischen Substanz in den Staphylokokken 
fiihrt man an, dass man subculanc Staphylokokkenherdc oft 
von einem klaren (idem umgeben sieht. Da indessen im Zen- 
trum soldier Herde, wo die Anhaufung von Staphylokokken 
am stiirksten ist, ancb Leukocyten in reicher Mengc auftreten, 
so diirfte auch dieses (idem als das Ergebnis einer leichten, 
vom Zcntrum ausstrablcnden Reizung anzuspredien sein und 
nidit als das Ergebnis einer negativ chemotaktischen Sub- 
stanz, die dann namlicli in erster Linie im Zentrum hatte 
vorhanden sein miissen, wo sich die Leukocyten sclion an- 
gehauft batten. Ware die Reizung stark und der Gefasscha- 
den umfassend gewesen, so wiirde namlich bier ebenso wie 
in dem intrapleuralen Versuch mit grosser Staphylokokken- 
dosis das Exsudat stark fibrinhaltig gewesen sein, selbst wcnn 
die Leukocyten durch die vermeintliche negativ chemotakti- 
sebe Substanz ferngehalten worden waren. Die serose Beschaf- 
fenlieit zeugt deslialb von einem schwachen Reiz und von 
niebts anderm. 

Im Anschluss an die Bespreebung dieser vermeintlicben 
Bcweisc fiir das Vorbandensein einer negativ ebemotaktiseben 
Substanz scien folgende Tatsacben unterstricben : 

1. Bei Pbagocytenversueben in vitro (Flaum, Pettersson) 
baben ebensowenig wie bei den Versueben in vivo (Pleura- 
und Peritoneum-Versuebe) irgendwelcbe Anzeicben fiir das 
Vorbandensein eincr solcbcn Substanz festgcstellt werden 
konnen. Flaum (1) bebt klar und bestimmt bervor, dass die 
Pbagocytose patbogener und sapropbytarer Staphylokokken 
iiusserst kriiftig ist und beide ungefahr gleichermasseii be- 
trifft. 

2. Ein Zusatz von Immunscrum steigert nacb Flaum und 
Pettersson (12, S. 47) die wie gesagt sebon ohne Scrum iius- 
serst intensive Pbagocytose nicht mcrklicb, eine Tatsache, die 
sebr sebwer zu verstehen wiirc, falls cine negativ cbemotakti- 
sebe Substanz vorhanden wiirc, gegen die sicb das Anti.scnim 
in ganz bcsonclcrem Grade ricblete. 

3. Nacb eincr von Pettersson angegebenen Mclbode bat cr 
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gefunden, class das vom Danischen Seruminstitut hergestellte 
Slandardserum gegen Staphylokokken die ncgativ chemotak- 
lischc Subslanz von 10 mg Staphylokokken in einer Dosis 
von 0,000005 g neutralisierte. Da 10 mg der verwendcten 
Ziichtiing 20 schnell todlicben Dosen, intravends eingespritzt, 
cntsprechen, iviirde also 1 ccm des hesagtcn Serums die ne- 
gativ chcmotaktische Subslanz von 4 Millionen todlichen Do- 
sen neiitralisieren (12, S. 50). Zwar kann man nicht mit ab- 
soluter Dfaereinstimmung von gleichwirkenden Standardsera 
rcchnen, venn sie nicht aus demselben Aderlass und Mischung 
stammen, aber wenn sie wie hier im gleichen Institut und 
in gleicher Weise hergestellt worden sind und zudem die 
gleichc Aichung batten, muss doch die tibereinstimmung sehr 
gross sein. Es ist daher als sehr merkwiirdig zu bezeichnen, 
class vie Flaum (11, S. 109) gezeigt hat die Injektion von 5 
ccm, ja sogar 7,5 ccm solchen Slandardserum intravends ein 
Kanincben nicht einmal gegen cine ei nzig e intravenose 
schnell iddliche Dosis zu schiitzen vermochte. Das ware un- 
denkbar, wenn die sog. negativ chemotaktische Substanz der 
cntschcidende Faktor fiir die Pathogenese und als Antigen 
auch der ausschlaggebende Faktor fiir die Immunitiit gegen 
die Staphylokokkeninfektion ware. 

4) Der Uinstand, dass nach intrapleuralen Injektionen von 
grossen Dosen Staphylokokken in Mischung mit Leukocyten 
die so injicierten Tiere nicht einmal erkrankten und dass 
dies dadurch erklart wird, dass »die Staphylokokken schnell 
phagocytiert werden« (Pettersson, 11) spricht ja nicht fiir 
sondcrn gerade gegen die Annahme einer negativ chemolak- 
tischer Substanz. 

Es soli noch folgendes hervorgehoben werden. Allgemein 
ancrkannl ist, dass die minimal todliche Dosis von Staphylo- 
kokken belraclitlich holier ist, wenn die Staphylokokken intra- 
pleural Oder intraperitoneal bei Kaninchen eingefiihrt wird 
als man sie intravends injiziert. Oder umgckehrt die Tiere 
sind vicl empfindlicher fiir intravenose als fiir intrapleurale 
Oder intraperitoneale Injektionen. 

Dies muss doch den Anhangern von der Meinung, dass 
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die Staphylokokken negativ chemotaktisch sind, sehr auf- 
fallend oder sogar merkwiirdig vorkommen. Wie anfangs 
schon gesagt, meinen ja diese Forsclier, dass »die Leukocyten 
das keimtotende Agens gegen die pyogenen Staphylokokken 
ausmachen«. Da nun diese Zellen durch die negativ chemo- 
taktische Substanz der Staphylokokken ferngehalten werden 
und in Pleura oder Peritoneum keine andere Faktoren 
kennen, die die Staphylokokken zu bezwingen vermogen, wiir- 
den die Staphylokokken in diesen Hohlen die Gelegenheit ha- 
ben sich unbeschrdnid zu vermehren, wahrend dieselbe Dosis, 
intravenos injiziert im grossten Umfang vom Retikuloendo- 
thel schnell phagocytiert und vernichtet wrd. Die kleine 
ubriggebliebene Rest muss sich dann erheblich vermehren, 
um die notige Zahl zu erreichen, die das Tier totet. Hier- 
durch -wird ja den intrapleural oder intraperitoneal einge- 
fiihrten Kokken ein grosser Vorsprung vor den intravenos in- 
jizierten gegeben und vom diesem Gesichtspunkte sollte die 
minimal todtliche Dosis in jenen Fallen erheblich kleiner 
und nicht, wie die tatsachlich ist, grosser sein. 

Gehen -wir zur Betrachtung von den entsprechenden Ver- 
haltnissen bei einer wahrhaft negativ chemotaktischen Bak- 
terie — dem Pneumokokkus — uber, so sehen wir auch, dass 
es da sich so verhalt. Es ist namlich schon seit langem hier 
bekannt, dass die intraperitoneal totliche Dosis ungeheuer 
wel geringer ist als die intravendse. orskov (14) giebt neulich 
ein vorziigliches Beispiel davon. Von demselben Pneumokokk- 
stamm injizierte er bei derselben Gelegenheit 10 Mause intra- 
venos mit je 50000 Pneumokokken und anderen 10 Miiuse 
intraperitoneal mit je 5 Pneumokokken. Von jenen iiberlebten 
8 und nur 2 starben, von diese dagegen starben alle 10. 

Dieser Vergleich spricht gegen die Auffassung, dass die 
Staphylokokken unter den negativ chemotaktische Microorga- 
nismcn zu rechnen sind. 

Nach dem oben Gesagten kann ich nur feststellen, dass 
keine Bewcise fiir das Vorhandensein einer solchen Substanz 
in den Staphylokokken erbracht worden sind und dass viel 
sogar gegen die Existenz der fraglichen Substanz spricht. 
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In der Diskussion um die.Frage des vermeintlichen Vor- 
kommens der negativ chemotaktischen Substanz bei den Sta- 
phylokokken weist man immer weder auf die Verhaltnisse 
bei den Pneumokokken und beim Anthrax als Parallelfalle 
bin. Wie die meisten Vergleiche, so hinken auch diese, und 
zwar in solchem Masse, dass man sich versucht fiihlt, sie 
eher als Gegensatze aufzustellen, was Virulenz und Immuni- 
tjit angeht. So sind die Staphylokokken niedrigvirulent. Um 
ein Kanincben innerhalb von 24 Stunden durch intravendse 
Injektion zu toten, sind im besten Falle und bei Verwendung 
der virulentesten Staphylokokkenstamme 70 — 100 Millionen 
Staphylokokken erforderlich, wahrend einige wenige hoch- 
virulente Pneumococci oder Anthraxerreger ein Kanincben 
schnell zum Tode fiihren; kommt dazu die grosse Verschieden- 
heit bei den intrapleuralen oder intraperitonealen Injektionen 
im Vergleich zu den intravenosen, wovon eben gesprochen ist. 
Und was die Immunitat angeht, so kann man bei den Sta- 
phylokokken mit intravendser Injektion kaum iiber die ak- 
tive Immunitat von 20 Dosen hinauskommen, wahrend die 
aktive Pneumokokkenimmunitat bei Maiisen sicher die 
100 000 OOOfache todliche Dosis betragt. Auch bei der passiven 
Immunitat gegen diese beiden Microorganismen sehen wir 
ehensogrosse Verschiedenheiten. Diese Unterschiede sowohl 
in der Virulenz als in der Immunitat sprechen fiir sich und 
miissen m. E. vor dem Ziehen von Parallelen warnen. An- 
gesichts soldier Tatsachen sind die Ubereinstimmungen sicher 
nur oberflachlicher und keineswegs wesentlicher Natur. 


Zusammenfassung. 

1. Die Behauptung, die Leukocyten seien der Schutz des 
tierischen Organismus gegen die Staphylokokkeninfektion, ist 
irrefuhrend. Die wichtigsten Zellen im Kampfe gegen die Sta- 
phylokokken sind die Zellen des retikuloendothelialen Sy- 
stems; die Leukocyten sind nur wertvolle Hilfstruppen. 

2. Dass die Staphylokokken eine negativ chemotaktiske 
Substanz ausscheiden, ist unbeidesen, und sowohl Phagocy- 
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toscvcrsuche in vitro als Pleuraversuche mil einem Gemiscli 
von Slaphylokokken und Leukocyten lasscn die Exislcnz ei- 
ner solchen Substanz als unglaubhaft erscheinen. 

3. Im gleicben Sinne spricht auch der mangelnde Einfluss 
von Immunseren auf den Grad der Phagocylose sowie die 
mangelnde Fahigkeit sogenannter stark anti-negativ-chemo- 
taktischer Immunseren, auch in grossen Dosen die Staphj'lo- 
kokkeninfektion nach intravcnosen Injektionen verhallnis- 
massig kleiner Kokkendosen zu beeinflussen. 

4. Die intrapleurale Injektionsmelhode, die bei den Unter- 
sucbungen iiber das eventuelle Vorkommen von eincr negativ 
chcmotaktischen Substanz der Slaphylokokken grossc Ver- 
wendung gefunden hat, ist cine unsichere Methode. 

Die Untersucbung ist mil okonomisclier Hilfe der Stiftung 
»TIierese och Johan Andcrssons ^Dnne« ausgefuhrt. 
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THE EFFECTS 

OF 9: 10-DIMETHYL-l : 2-BENZANTHRACENE 
ON TRANSPLANTED TUMOURS. 

By S. Stamer. 

(Received for publication March 6th, 1941). 

In 1935 Haddow published some experiments for the purpose 
of showing that 1:2: 5: 6-dibenzanthracene, 3 ; 4-benzpyrcne and 
other carcinogenous hydrocarbons had an inhibitory effect on the 
growth of Jensen’s rat sarcoma and the Walker carcinoma and 
also on a sarcoma induced by 1 : 2 : 5 : 6-dibenzanthracenc. He was 
unsuccessful in stopping the growth when he used related hydro- 
carbons that are not carcinogenous. Later, Haddow and Robinson 
(1937) described how many carcinogenous hydrocai’bons had this 
inhibitory effect on the growth of tumours, one that was also shared 
by weak carcinogenous hydrocarbons. They also found that rats 
treated with the carcinogenous hydrocarbons grew much more 
slowly than the control animals. 

In 1936 Morelli confirmed that 1:2:5: G-dibcnzanthi'acenc and 
3 : 4-benzpyrene had a marked inhibitory effect on transplanted 
tumours. Inhibition was greatest when the treatment was given 
simultaneously with transplantation. These results wei'c in turn 
confirmed by Lees (1937), who treated I'ats, on which Jenson’s rat 
sarcoma had been transplanted, with intra-abdominal injections of 
1:2:5: 6-dibenzanthracene. Pollia (1938) also found that this product 
had an inhibitory effect on transplanted rat sarcoma. Alapy (1938) 
reported on prophyla.xis with ver}’- small doses of benzpju-ene, di- 
benzanthracene and methylcolanlhrene (15 to 3). He obtained the 
best results when the hydrocarbons were injected thirty to forty 
days prior to transplantation. Inhibition was only slight in mice, 
however, and scarcely measurable in rats. Pybus and lililler (1936) 
tested the effect of 1 : 2 : 5 : 6-dibenzanthracene on spontaneous mam- 
mary tumours in mice and found that there was a temporary in- 
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hibition of the growth of the tumours and in some cases even a 
temporal-}’' recession; in all cases, however, the tumours commenced 
to grow again after four or five weeks. 

Bauer (1937) treated malignant skin tumours in man with 3 : 4- 
benzpyrene. He employed a 0.5 % ether solution of the hydrocarbon, 
injected into the growths in doses of 0.5 to 1 c.c.; he also sprayed 
the surface of the growths with this solution. Seven out of 23 cases 
are stated to have been free from relapse for more than two years. 
Peacock and Beck (1938) report on inhibition, in fact on occasional 
total regression, of transplanted mouse carcinomata after intra- 
venous injections of 3 : 4-benzpyrene. 

In contrast to all other workers, Appel, Strauss, Kolischer and 
Nacheles (1938) found that subcutaneous injection of 1 : 2 ; 5 : 6- 
dibenzanthracene stimulated the growth of the Brown Pearce rabbit 
carcinoma, and that metastases came earlier, and indeed more 
frequently in organs which seldom are affected by metastasis other- 
wise. In 1939 Haddow and Robinson published a long series of 
experiments in which they had tested the effect of 34 carcinogenous 
and 34 non-carcinogenous hydrocarbons on the Walker carcinoma, 
Crocker sarcoma and spontaneous mammary tumours in mice. In 
about 87 % there was inhibition of the tumour growth when treated 
with carcinogenous hydrocarbons, and in only 13 % was there no 
inhibition. 

A more interesting feature was, however, that in about 25 % 
there was inhibition when treated with non-carcinogenous hydro- 
carbons. Accordingly, the inhibitory effect does not seem to be 
associated solely with the carcinogenous property of the hydro- 
carbons. 

It should be observed that in all these experiments the carcino- 
genous hydrocarbons were applied by injection subcutaneously or 
intraabdominally; intravenous injection was employed only in the 
experiments of Peacock and Beck, 

A comprehensive survey of the inhibitory effect of the carcino- 
genous hydrocarbons on malignant tumours was published by 
Stamer in 1940. 

Own Experiments. 

Tire writer’s experiments were all made with 9 : 10- 
dimethyl-1 : 2-benzanthracene. This hydrocarbon was syn- 
thelized by Newmann (1938) and by Bachmann and Cher- 
merda (1938) as well as by Mikhailow and Tschernova (1938). 
Its carcinogenity was tested by Bachmann, Kennaway and 
Kennaway (1938) and by Shear (1938) by subcutaneous in- 
jection into mice of the product dissolved in oil. 
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The reason why 9 ; 10-dimethyl-l : 2'benzanthracene yvas 
chosen from among the many known carcinogenous hydro- 
carbons was that this had the strongest carcinogenous activity 
of them all. According to the experiments referred to above, 
carcinogenous hydrocarbons have a definitely inhibitory ef- 
fect on malignant tumours, and therefore it was natural to 
examine how the strongest carcinogenous hydrocarbon would 
act on growth, as a priori it was to be expected that the 
greater the carcinogenous actmty, the greater must its in- 
hibitory effect be. 

For these experiments the animals used were mice of 
Little’s dilute brown strain (DIb.), %vith transplanted 
spontaneous mammary carcinomata, and mice of a Danish 
strain known by the name of »Street«, with transplanted 
Crocker sarcoma 180, Both forms of tumour have 100 % of 
takes in these strains. »Spontaneous« regression is observed 
only in the event of the transplanted tumour being infected. 


Mammanj Carcinoma in Strain Dlh, 

In an experimental test a spontaneous mammary carcinoma 
from a DIb. mouse was transplanted to 12 Dlb. mice. The 
tumour established itself in all the animals, and, 27 days 
later, when the tumours were about 2 c, c. in size, the animals 
received 1 mg. 9 : 10-dimethyl-l : 2- benzanthracene in 0.1 c.c. 
01. olivae injected intra-abdominally, whereas the control 
animals received 0.1 c.c. 01. olivae. Sixteen days later the 
animals were killed, as the tumours in the control animals 
threatened to ulcerate. At this time the experimental animals 
were in poor condition, the fur tousled, and they xvere visibly 
smaller than the control animals. Tire tumours in the ex- 
perimental mice were stationary or slightly diminished 
compared ndth those of the control mice. The latter were in 
good condition, the fur smooth, and they had all put on 
weight. The tumours in these animals had all grown steadily. 

The size of the tumours and the weight of the animals 
are shown in Table 1 and Fig. 1. 

S5* 
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Tabic ■/. 



Average 

Body weight 

Average 
Tumour size 


Experimental animals. 

Injection day 

22 gr. 

2.87 c. c. 

16 days later 

17 gr. 

2.21 c.c. 

(loss 22.7 ®/o). 

Control animals. 

Injection day 

20.2 gr. 

1.69 c. c. 

16 days later 

21.2 gr. 

4.59 c. c. 


1 3 5 7 9 11 13 15 17' cjay 

22sr 
21 " 

2o •. 

19 " 

18 - 

17 - 




4 c. c, 
3 ■' 

2 " 

1 " 

0 " 


Experimental animals 


tra Control animals 
Fig. i. 
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Tabic 2. 



Experimental Animals 

Controls 

Weight 

gr. 

Measurement 

1 c. c. 

j Weight 

Measurement 
j c. c. 

Injection day 

15.1 

0.5 

14.8 

0.5 

3rd day 

14.2 

1.1 

13.5 


5th day 

14.6 

1.0 

15.2 


7th day 

13.7 

1.5 

13.9 

1.3 

9th day 

14.9 

2.3 

15.3 

1.7 

10th day 

14.5 

2.S 

15.2 

1.9 

12th day 

15.1 

3.6 

13.9 

2.6 

14th day 

15.1 

4.2 

14.8 


16th day 

15.0 

5.6 

16.0 

3.9 

17th day 

16.1 

5.7 

16.7 

5.6 

19th day 

16.8 

4.0 

17.8 

4.9 

21st day 

15.6 

6.1 

16.4 



The measurements of the tumours expressed in cubic centi- 
metres were obtained bj^ measuring them in all three di- 
mensions. Naturall 5 ^ the result is somewhat inexact, but it 
is the only one available. 


Apart from the tumours the autopsy revealed nothing ab- 
normal. There was no metastasis in any animal. Histological 
examination of lungs and kidneys showed nothing abnormal, 
whereas the liver of the experimental animals presented slight 
parenchymatous degeneration. 


Thus in this experiment the growth of the tumours was 
distinctly inhibited, but it also appeared that the dose of 
9 : 10-dimethyl-l ; 2-benzanthracene was too large, it having 
had a toxic effect on the animals. As will be seen from Fig. 1, 
they lost 22.7 % in weight on an average, and they were in 
poor condition. The histological examination also showed that 
the injection had injured the liver. 

In the next experiment the attempt was therefore made to 
administer such a small dose that its effect would not be 
toxic. Twenty Dlb. mice were planted with a spontaneous 
mammary carcinoma from another Dlb. mouse. Seventeen 
days after transplantation the mice were given 0.1 c.c. olive 
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Experimental animals 

---- Control animals 

Fig. 2 . 

oil injected intra-abdominally, "whereas the control animals 
received 0.1 c.c. olive oil. 

The animals were weighed and their tumours measured 
daily or every second day. They were all killed 21 days after 
the injection. 

The average weight and the average tumour size are shown 
together in Table 2 and Fig. 2. 

As Table and Fig. 2 show, there was practically no dif- 
ference between the average weights and the average tumour 
sizes of the two series. If there was any difference at all, 
the tumours of the experimental animals were if anything 
somewhat larger than those of the controls. The animals were 
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Table 3. 


Average 

Experimental 

animals 


^Yeigllt- 

controls 

Weight 

fir. 

KBI 

Weight 

gr. 

Mcasm't 

c» c. 

Weight 

Sr. 

Measm’t 

c. c. 

Injection day 

22.3 

0.02 

21.7 

0.02 

22.6 

0.08 

2nd day 

19.4 

0.02 

20.4 

0.02 

20.5 

0.09 

3rd day 

18.7 

0.02 

20.6 

0.02 

20.9 

0.09 

4th day 

18.4 

0.03 

19.4 

0.05 

18.5 

0.09 

5th day 

18.0 

0.03 

19.4 

0.06 

20.5 

0.09 

6th day 

17.1 

0.03 

19.2 

0.11 

19.5 

0.09 

7th day 

16.9 

0.06 

19.0 

0.14 

18.0 

0.09 

8th day 

19.1 

0.17 

20.0 

0.29 

16.7 

0.21 

9th day 

19.6 


20.8 


18.1 


10th day 

19.1 


21.5 


17.3 


11th day 

19.0 

0.35 

20.9 

0.39 

19.7 

0.53 

12th day 

19.9 

0.33 

21.7 

0.57 

20.5 

0.44 

14th day 

19.1 

0.36 

21.6 

0.84 

18.5 

0.42 

15th day 

19.1 

0.43 

21.8 

1.03 

18.5 

0.47 

16th day 

19.1 

0.57 

21.0 

1.11 

IG.O 

0.51 

17th day 

20.2 

0.62 

21.7 

1.70 

20.3 

0.66 

18th day 

20.4 

0.88 

22.7 

2.02 

20.8 

1.18 

19th day 

20.4 

1.09 

22.4 

2.22 

20.1 

1.25 


not affected by the injection, and clinically there was no dif- 
ference between the two; nor was there any to be observed 
post mortem, and the subsequent histological examination 
revealed nothing abnormal in the parenchymeous organs, and 
no difference in the tumours of the two series. 

The dose employed in this experiment did not affect the 
growth of the tumours, nor did it have any toxic influence 
on the animals. On comparing this result with that of the 
foregoing experiment one might be disposed to draw the some- 
what hasty conclusion that the inhibitory effect is not a 
specific one, but due exclusively to the toxic action of the 
agent on the entire organism, manifested first and foremost by 
loss of weight. In the next experiments, in order to eliminate 
any error due to loss of weight, we introduced an extra control 
series in which the weight of the animals was caused to fol- 








540 


1 3 5 7 9 11 15 16 17 19' day 

2Sgr. 



Experlmantal animals 

Controls 


«>■>•< 'iVelght-controls. 

Fig. 3. 

low that of the experimental animals as closely as possible 
hj' restricting the food of the former. In the following these 
extra-controls wll he referred to as weight-control animals. 

A total of 29 Dlh. mice were planted with a spontaneous 
mammary carcinoma from another Dlh. mouse. On the 9th 
day the experimental animals were given 1 mg. 9 : 10- 
dimeth3’l-l : 2-henzanthracen dissolved in 0.1 c.c. olive oil, in- 
jected intra-abdominally. Tlie controls and the weight-controls 
were given 0.1 c.c. olive oil. The animals were weighed and 
their tumours measured dailj'. Twenty days after the injection 
they were killed. Their average weight and the average size 
of the tumours arc shown together in Table 3 and Fig. 3. 



541 


It will be seen from this table and figure that the ex- 
perimental animals lost 5 gr. on an average in the course of 
the first week, but after that the weight increased, but at 
no time reached the level of the controls, whose weight was 
about 2 gr. more all the time. 

Tlie tumours of both experimental and w'eight-control 
animals grew more slowly than those of the controls. There 
was practically no difference between the tumours of the ex- 
perimental and the weight-control animals; in any case the 
difference was so slight that no significance can be attached 
to it. 

Throughout the experiment the experimental animals and 
those of the weight-control series were in some poor condition. 
Autopsy revealed nothing abnormal apart from the tumours, 
but here again the histological examination discovered slight 
parenchymatous degeneration of the liver. Tliere was no dif- 
ference in the tumours of the three series. 

The result of this experiment was that 9:10-dimethyl-l; 2- 
benzanthracene cannot be said to have any specific effect on 
the transplanted tumour, as we obtained practically the same 
inhibition of the tumour growth in the w’eight-cohtrol animals, 
whose weight was kept down by starvation, whereas the 
weight of the experimental animals fell because the agent af- 
fected them toxically, as Avas confirmed by the histological 
examination. 


Crocker Sarcoma ISO in Strain Street. 

Crocker sarcoma 180 Avas transplanted to 50 Street mice. 
On the 11th day the experimental animals Avere injected intra- 
abdominally AA'ith 1 mg. 9 ; 10-dimethyI-l : 2-benzanthracene 
dissolved in 0.1 c.c. olive oil. Tlie controls and the Aveight- 
controls were given 0.1 c.c. olive oil. The animals Avere 
weighed and their tumours Avere measured daily. Thirty days 
after transplantation all the animals AA'ere killed. Their aver- 
age Aveight and the average size of the tumours are shoAvn 
together in Table 4 and Fig. 4, 
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Tabic 4. 


Experimental 

animals 

Controls 

Weight 

controls 

Weight 

Rr. 

Measm'l 
c. c. 1 

Weight 

Rf. 

Mcasm’l 

c. c. 

Weight 

Rr. 

Measm’t 

c. c. 

1th day (inject- 







ion day 

25.1 

0.5 

25.5 

0.6 

24.6 

0.4 

3th day 

24.1 

0.9 

23.8 

1.0 

23.1 

0.6 

4th day 

23.3 

0.9 

25.5 

0.9 

23.1 

1.1 

5th day 

23.3 

1.3 

25.9 

1.6 

24.1 

1.2 

Gth day 

23.5 

1.5 

25.3 

1.6 

20.2 

1.7 

7th day 

24.1 

1.5 

26.2 

1.9 

19.2 

1.5 

8th day 

23.0 

1.8 

25.4 

2.2 

21.4 

1.8 

10th day 

23.9 

2.1 

25.0 

2.7 

20.6 

2.4 

list day 

25.2 

2.1 

25.8 

2.8 

21.6 

2.9 

12nd day 

27.3 

2.6 

26.4 

3.2 

23.3 

3.1 

13rd day 

27.9 

2.5 

27.0 

3.2 

23.4 

2.7 

14th day 

27.2 

2.3 

30.6 

3.5 

25.0 

3.1 

15th day 

26.4 

2.7 

25.6 

4.0 

23.6 

3.8 

17th day 

26.9 

3.3 

26.4 

4.0 

24.2 

4.2 

18th day 

27.1 

3.6 

26.4 

4.4 

25.1 

4.8 

19th day 

30.0 

5.0 

27.4 

6.1 

24.9 

5.8 

20th day 

28.5 

4.8 

27.9 

6.3 

25.9 

6.0 


From Table 4 and Fig. 4 it appears that the experimental 
mice lost an average of about 2 gr. during the first four days, 
whereafter the weight was fairly stationary until the 9th day 
after the injection, whereafter it increased steadily, so that 
during the last five days of the experiment it was in fact 
over that of the controls. During the first five days the weight 
of the weight-control mice was almost the same as that of 
the controls, but after that the average was a good 3 gr. under 
theirs. The tumours grew gradually in all the animals; in the 
last ten days of the experiment, however, the tumours of the 
control mice were about % c.c. less than those of the weight- 
controls. 

Tire experimental animals were not particularly affected 
by the injections, nor were they distinctly poorer in condition 
than the weight-controls. Antopsy revealed ascites in five of 
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Controls 
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and finally, nothing abnormal was seen in the peritoneum 
of four animals. The control and weight-control mice had no 
peritoneal changes. The histological examination revealed no 
differences in the tumours of the three series, hut there were 
signs of slight parenchymatous degeneration in the liver of 
the injected mice. The result of this experiment was that 
9:10-dimethyl-l: 2-henzanthracene had a slight inhibitory ef- 
fect on the growth of the Crocker sarcoma. Among the weight- 
controls the sarcoma did not seem to be much affected by 
starv'ation, for the average size of the tumours of the controls 
and the weight-controls corresponded almost throughout the 
experiment; the greatest difference to each side was — 0.5 c.c. 
and — 0.4 c.c. 

In this case it cannot have been the loss of weight of the 
experimental animals that caused their tumours to grew less 
than those of the controls, as the tumours of the weight- 
controls grew just as much as those of the controls, though 
their weight throughout the greater part of the experiment 
was over 3 gr. less than that of the experimental animals. 

It cannot be seen from this experiment whether the in- 
hibition of the tumour growth in the experimental animals 
is due to a specific action by 9 :10-dimethyl-l : 2-benzanthra- 
cene, or it is merely the result of its toxic effect on the or- 
ganism. In order to try to throw more light on this question 
the product in the followng experiment was administered in 
such a small dose that it would have no toxic effect. 

Crocker sarcoma 180 was transplanted to 48 Street mice. 
On the sixth day the experimental animals received 0.1 mg. 
9;10-dimethyl-l; 2-benzanthracenc dissolved in 0.1 c.c. olive 
oil injected intra-ahdominally. The controls and weight- 
controls received 0.1 c.c. olive oil. The animals were weighed 
and the tumours measured every other day. In Table 5 and 
Fig. 5 the average weight and the average size of the tumours 
are shown together. 

None of the animals was affected by the injections, the 
weight curves did not vary much, and the tumours grew 
almost equally in all three series. Apart from the tumours. 




Experiinentel antmale 


Controls 

Vie ight -controls 

Fig- 5. 

Milling Bbnomval was ot the three 

eaammation showed no ditterence in tn 
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Table 6. 



Experimental 

animals 

Controls 

J 

Weight 

controls 

WciRht 

gr. 

Measm’t 

c. c. 

Weight 

gr. 

MeasmH 
c. c. ' 

Weight 

gr. 

Mcnsm’l 

c. c. 

1st day 

15.3 


16.2 


17.0 


3rd day 

15.3 


17.0 


17.8 


5th day 

16.5 


17.5 


17.6 


7th day 

15.7 


17.1 


15.8 


9th day 

14.8 


16.6 


17.8 


10th day 

16.4 


19.0 


16.5 


(Last inj. day) 







11th day 

16.0 


21.1 


14.9 


12th day 

13.8 

1.2 

19.8 

2.6 

13.6 

2.02 

13th day 

14.7 

1.6 

19.4 

3.4 

15.4 

2.10 

14th day 

12.5 

1.5 

19.4 

3.6 

16.8 

2.40 

15th day 

14.1 

1.5 

20.5 

5.8 

13.4 

2.50 

16th day 

14.5 

1.8 

20.6 

6.9 

13.6 

2.90 

17th day 

14.3 

1.4 

20.3 

6.9 

11.0 

3.10 


series. The result of this experiment is that 9:10-dimethyl- 
1 ; 2-henzanthracene does not inhibit the Crocker sarcoma 
when administered in such small doses. An examination was 
thereupon made of the effect of daily injections of this hydro- 
carbon. Crocker sarcoma was transplanted to 29 Street mice. 
During the next ten days the experimental animals received 
0.1 mg. 9:10-dimethyl-l : 2-benzanthracenc dissolved in olive 
oil and injected intra-abdominally. The controls and the 
weight-controls received 0.1 c.c. olive oil. 

Tlie experimental animals became lower in condition with 
every injection; they lost weight and were tousled and cold. 
Tlie weight-control animals, which were rigorously starved 
in order that their average weight might keep pace with that 
of the experimental mice, likewise lost condition. The animals 
in both series died quickly after the injections were dis- 
continued, and the last experimental animal died 11 days after 
the last injection. At this time only one weight-control mouse 
was alive, whereas all the controls except one were living, the 
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one having died the day after the last injection owing to 
enteritis. The average weight of the animals and the average 
size of the tumours are shown together in Table 6 and Fig. 6, 
which give the average of the animals living on the 17th day 
after transplantation (3 experimental animals, 4 weight- 
controls and 8 controls). 

It is clear from Table 6 and Fig. 6 that after the injections 
were discontinued, the difference between the weight of the 
control animals on the one hand and that of the experimental 
and the weight-control animals on the other became greater 
and greater. Throughout the whole of the experiment the 
weights of the two latter series kept fairly close together. It 
will also he seen that there was an enormous difference be- 
tween the tumours of the control animals on the one hand 
and those of the weight-controls and the experimental animals 
on the other. Furthermore, there was a rather marked dif- 
ference between the tumours of the experimental animals and 
those of the weight controls, the latters’ being almost hvice 
as large. Oil was found post mortem in the peritoneal cavity 
of all the animals, but in the experimental animals there was 
also pale peritoneal fluid and, in several cases, fibrinous 
coatings on the organs. The histological examination revealed 
parenchymatous degeneration in the liver of the experimental 
animals. There was no difference in the histological picture 
of the tumours of the three series. Tlic result of this ex- 
periment is that 9 :W-dimetIiijl-1 : 2-benzanthracene had an 
inhibitory effect on the growth of the tumour, as in the ex- 
perimental animals the tumours were no more than just over 
half the size of those of the weight-controls, whose weight 
all the time was approximately the same as that of the ex- 
perimental animals. The loss of weight and the histological 
examination show that the agent was very toxic in its effect. 

On comparing the tumours of the weight-control animals 
in this experiment with those of the weight-controls in the 
first one, it will be observed that there is a great difference 
in the susceptibility of the tumours to inanition, for in the 
first experiment they were unaffected, whereas in the last 
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one they were greatly so. The explanation of this may be 
that in the first experiment the animals were not starved 
until the eleventh day after transplantation, that is to say 
after the tumour had »takeni root«, wdiereas in the last ex- 
periment the animals were deprived of food from the day 
of transplantation. Experiments supporting this assumption 
were made by Raus (1914). Summarizing the results of these 
three experiments it may he said that 9:10-dimetliul-1 : 2-benz- 
anthracene has a slightlij inhibitor!/ effect on the growth of 
Crocker sarcoma JSO, but only when administered in toxic 
quantities. 


Discussion. 

Since Haddow published the first experiments in 1935, 
purporting to show^ that carcinogenous hydrocarbons have an 
inhibitory effect on malignant tumours, many workers have 
occupied themselves with the problem, which to all appear- 
ances is quite paradoxical. However, it is no unparalleled 
event that the same influence may cause cancer and also 
inhibit existing cancerous growths. X-rays and radium, which 
are carcinogenous in certain doses, can cure cancer, and 
therefore it was very natural to examine the question of 
whether the carcinogenous hydrocarbons also had an in- 
hibitory, and perhaps a healing effect on cancerous tumours. 

If one regards the cells of malignant tumours as cells 
that are defective in one or several respects, one may quite 
Avell imagine that the influence of carcinogenous hydrocar- 
bons, which inhibit certain cell functions and may be con- 
tributory in the transformation of normal cells into tumour 
cells may also be capable of inhibiting the function of these 
cells and perhaps kill them. 

In the publications referred to above it is stated by some 
workers (i.a. Haddow) that the growth of the experimental 
animals was retarded, sometimes so much that they even 
lost weight. A.S will appear from the experiments described 
above, this is a very important factor to be considered when 
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appraising the various experiments, but the various authors 
have not taken it up for closer examination. If one would 
measure the inhibitory effect of a substance on malignant 
tumours, and one knows in advance that this substance re- 
tards physical growth and maj' even cause the animals to 
lose weight, one must for every experiment have a control 
series whose weight is made to follow that of the experimental 
animals as closely as possible. Onlj’ in this manner is it pos- 
sible to eliminate the error which may be comprised in the 
fact the growth of the experimental animals, and wdth it the 
growth of a transplanted tumour, is inhibited. Several in- 
vestigations have been published on the influence of changes 
in physical growth on the growth of tumour tissue in the 
same organism. 

Moreschi (1909) transplanted »Sarcoma 7« to mice \veigh- 
ing about 11 gr. ITie animals were thereafter divided into 
four groups, and these were given 1 gr., V/o gr. and 2 gr. 
of food daily, whilst the fourth group received food ad 
libitum. It was then found that the tumours grew in propor- 
tion to the amount of food eaten by the animals. The gross 
weight of the animals (body w'eight -f tumour w’cight) was 
in direct ratio to the amount of food, falling with under- 
feeding and rising with over-feeding. It w’as also found that 
the net w'cight (body weight — tumour w'eight) always de- 
creased, mostly with under-feeding but still to some extent 
with over-feeding. The apparent increase of total w'eight 
with over-feeding was due solely to the fact that the tumours 
in these cases grew' most. Finally, it was show’n that in many 
cases the under-fed animals died later than the over-fed ones. 
The experiments were repeated with animals w'eighing 20 gr., 
with the same result. 

C. O. Jensen (1909) and Haaland (1907) each arrived at 
a similar result. Rous (1910 — 1911) found that Flcxner- 
Johling rat carcinoma did not lake readily if the animals 
were stars’cd prior to tran.splantation. If he starved the ani- 
mals after the transplantation was established, there was no 
effect on the tumours. In contrast, Jensen’s rat sarcoma was 
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very susceptible to starvation, even after it had grown for 
some time. 

Mendel, Osborne and Ferry (1912) performed many ex- 
periments for the purpose of examining the influence of diet 
on body weight. In these they employed a diet consisting of 
purely vegetable proteins, on which the experimental animals 
did not grow; their weight remained stationary, but other- 
vase the animals seemed to be normal in every respect. Sweet. 
Corson-White and Saxon (1913) in their experiments tried a 
similar diet, vith the same result. After the animals had been 
on this diet for fourteen days a carcinoma was transplanted 
(the Rockefeller Institute’s mouse carcinoma No. 33) it took 
in all the control animals, but in only 9 of the 25 experi- 
mental animals. Thventy days afterwards five of these tumours 
had completely disappeared, and thirtj' days after transplan- 
tation two more. One of the remaining two animals died 52 
days after transplantation with a tumour of 5.2 mm., and 
the same day the last mouse was put on normal diet, where- 
after its tumour began to grow rapidly. Sixteen days after 
the transplantation the control animals were divided into two 
groups, one being given Mendel-Osborne’s diet; the tumours 
of these latter animals grew only from 2.2 to 5.1 mm. on an 
average in the course of sixteen da 5 'S, whereas those of the 
controls proper grew from 2.2 to 19 mm. in the same period. 
The experiment was repeated with Flexner-Jobling rat car- 
cinoma and gave the same result. Rous (1914) showed that 
transplanted carcinomata grew' indifferently in Japanese dan- 
cing mice and Strain 63 from the Imperial Cancer Research 
Fund wiien the animals lived on Sw'eet’s modification of 
Mendel-Osborne’s diet, i.e. wiien their growih w'as greatly 
inhibited. 

All these experiments show' with great clarity that if the 
experimental animals are under-fed, so that their grow'th is 
retarded or stopped, the grow'th of most transplanted tumours 
will also be retarded. There are several examples to show' that 
the inhibitory effect on the growth of the tumour is not 
merely growth inhibition as a consequence of inanition, but 
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also as a consequence of many other influences on the ani- 
mals. For instance, Me. Euen and Thompson (1933) trans- 
planted Walker carcinoma on rats, and fourteen days later 
removed their hypophysis. The tumours grew more slowly 
on the hypophysectomized animals, whose rate of growth 
was reduced considerablj’. In a control experiment some 
animals which had also been planted wdth Walker carcinoma 
were starved, and it was found that the growth of the tumours 
was retarded just as much as those of the hypophysectomized 
animals. 

An experiment of similar character was carried out by 
Bishoff, Maxwell and Ullmann (1932), who transplanted rat 
sarcoma R 10, rat sarcoma 256 and mouse sarcoma 180, and 
also tested mice with spontaneous mammary carcinoma. After 
the transplantations the hj’pophysis of the rats and mice was 
X-rayed, and it was then seen that when the irradiation had 
been so strong that the physical growth of the animals was 
retarded, the growth of the tumours was also retarded. When 
the physical growth was not affected, the tumours w’ere not 
affected in their growth either. 

Haddow, Scott and Scott (1937) made experiments intend- 
ing to show the effects of the carcinogenous hydrocarbons on 
physical growth. It turned out that rats treated with 10 mg. 
1 : 2 : 5 : 6-dibenzanthracene had a reduced physical growth 
of up to 50 % in the course of 14 days. The normal rate of 
growth was not re-estahlished in the fifteen wrecks over which 
the experiment extended. If the doses of carcinogenous hydro- 
carbon were increased, the reduction of the rate of growth 
became still greater, and conversely, if only 3 gr. of the agent 
was. given, there was also a reduction, though only a small 
one. By means of experiments with other carcinogenous 
hydrocarbons it was found that the effect on physical growth 
is not proportional to the carcinogenous activity of the agents, 
as 1 : 2 : 5 : 6-dibenzacridine (doubtful carcinogenous activity) 
caused a greater reduction of the rate of growth than a 
carcinogenous hydrocarbon so powerful as 3 ; 4-benzpyrene. 
The experiments thus showed that the rate of growth of rats 
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is reduced, and may even cease, after the injection of carcino- 
genous hydrocarbons. The inhibition of the growth is of very 
long duration, the normal rate of growth never being re- 
established. 

These experiments seem to support the opinion arrived at 
by Pollia (1937). He writes that the inhibitory effect of 
l;2;5;6-dibenzanthracene on tumour growth, at any rate for 
the most part must be due to a constitutional lesion, and that 
the effect of this agent is not directed specifically against 
cancer. Meantime, Haddow, Scott and Scott maintained that 
the carcinogenous hydrocarbons had no toxic effect on the 
animals, and tried to prove their assertion by treating rats 
with various media like X-rays, plumbic nitrate, phenobarbi- 
tone and colchicine. However, they achieved nothing more 
than to inhibit the physical growth when the agents were 
administered in toxic doses. The authors concluded that in 
their experiments the carcinogenous hydrocarbons were not 
toxic to the animals, but the observations scarcely permit 
of that conclusion. The simple fact that an agent reduces 
physical growth and perhaps stops it is, for media such as 
those employed, sufficient to characterize them as toxic to 
the organism. Furthermore, several authors have demonstrat- 
ed degenerative clianges in the parenchymatous organs in 
animals treated with carcinogenous hydrocarbons. 

Pollia found degenerative changes in the liver, Pybus and 
Miller in the liver and kidneys. Poison (1936) obser\’^ed ne- 
crotic changes in the liver, and many other w'orkers have 
found similar lesions (Maisin and Liegeois, 1934, Maisin and 
Coolen 1934, Picard and Laduron 1934, etc.). All these changes 
show distinctly that the carcinogenous hydrocarbons do not 
leave the organism intact and they better explain the growth 
inhibition that takes place. 

Even if Haddow, Scott and Scott consider that the car- 
cinogenous hydrocarbons are not toxic in their effect on the 
animals, neither they nor the other authors can draw an 5 ’' 
conclusions as to their effect on malignant tumours in ex- 
periments where the physical growth of the animals is re- 
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larded by the Irealmcnl. The aforesaid experiments on the 
influence of physical growth on tumour growth show that 
physical growth has a decisive influence on the growth of 
most tumours, in anj' case on many of the tumours employed 
in the experiments with carcinogenous hydrocarbons. For 
instance, Haddow, and Haddow and Robinson in their work 
employed the very same tumours (Jensen’s rat sarcoma. 
Walker carcinoma and Crocker sarcoma 180) as those used 
by Rous, McEuen and Thomson, and Bishoff, Maxwell and 
Ullmann, that is to say tumours that have proved to be highly 
dependent on physical growth. 

As was stated above, Haddow, Scott and Scott found that 
there was no parallelism between the activity of the car- 
cinogenous hj’drocarbons and their inhibitory effect, nor was 
there any parallelism between their carcinogenous activity 
and their influence on physical growth. It would be interest- 
ing to have it examined whether the media having the 
strongest inhibitorj' effect on physical growth do not inhibit 
tumour growth most as well. One example to show that this 
may be so is to be had by comparing various experimental 
results. 1 ;2:5;0-dibenzacridine, which has a very faint car- 
cinogenous activity, in Haddow and Robinson’s experiments 
(1939) proved to have a strong inhibitory effect on spon- 
taneous mouse carcinomata and also on Crocker sarcoma 180. 
The inhibition was more marked Ilian that of a carcino- 
genous hydrocarbon so powerful as 3 :4-benzpyrene. In experi- 
ments by Haddow, Scott and Scott (1937) it was found that 
1 :2:5:6-dibenzacridin reduced the physical growth of rats 
much more than 3 :4-bcnzpyrcne did. 

It has already been slated that the inhibitory effect is not 
confined to the carcinogenous acthdly of the hydrocarbons 
(Haddow and Robinson 1939). Hydrocarbons closely related 
to the carcinogenous varieties but with no carcinogenous 
activity have often proved to have an inhibitory effect on 
tumour growth. Unfortunately, nothing is stated as to whether 
they simultaneously inhibited physical growth; but after what 
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lias been said above, it is presumable that they did have 
this effect. 

This being so, tlie results of all pre\ious inhibition ex- 
periments ^Yith carcinogenous hydrocarbons must be viewed 
with the greatest reserve. It must again be pointed out that 
no conclusion can be drawm from comparisons between ex- 
perimental animals and control animals if their weights 
diverge as a consequence of the effects of the treatment on 
the growdh of the experimental animals. It is only -when the 
experimental animals are compared with animals kept at the 
■same w'eight that the effect of the medium can really be 
judged. 

Turning now to an appraisal of own experimental results 
on the basis of this discussion it may be said that 9:10- 
dimethj’l-l ;2-benzanthracene undoubtedly has an inhibitory 
effect on Crocker sarcoma 180. It appears from Fig. 0 and 
Fig. 4 — the latter to a lesser degree — that the tumours 
of the experimental animals were distinctly slower in their 
growth than those of the xveight-control animals, i. e. they 
were smaller than those of the control animals, which 
throughout the wdiole experiment weighed the same as, and 
in many cases less than, the experimental animals. 

The 9;10-dimethyl-l :2-benzanthracene had no observable 
effect on the transplanted mammary carcinoma on Dlb. mice. 
Unfortunately, as a consequence of unsatisfactory breeding in 
the Dlb. strain it has not yet been possible to undertake ex- 
periments with the medium administered in small daily doses, 
the method which in experiments with the Street mice caused 
the most pronounced inhibition. 


Summary. 

After a brief survey of earlier works on the inhibitory 
effect of carcinogenous hydrocarbons on malignant tumours, 
n description is given of own experiments with 9;10-dimethyl- 
1 :2-benzanthracene on transplanted mammary carcinomata 
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in the Dlb-slrain and transplanted Crocker sarcoma 180 in 
the Street strain. 

The medium was injected intra-ahdominally, dissolved in 
olive oil. After the first experiment it appeared that the ex- 
perimental animals lost weight as a result of the treatment. 
In order to eliminate the possible error involved in this factor, 
an additional control series was introduced into the sub- 
sequent experiments, called »weight-control animals«, whose 
weight was kept as near to that of the experimental animals 
as possible by reducing their food. 

In the next experiments it was found that 9;10-dimethyl- 
1 :2-benzantIiracene had no inhibitory effect on the trans- 
planted mammary carcinomata in strain Dlb., but a distinct 
effect on Crocker sarcoma 180 in the Street strain, but only 
when the medium was given in toxic doses. 

The influence of loss of weight on the growth of malignant 
tumour is further examined in the discussion, and a warning 
is uttered against drawing too far-reaching conclusions from 
experiments in which the experimental animals are compared 
only with controls whose weight throughout the experiment 
is higher than that of the experimental animals. 
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(Rcccivocl for publication March 11th, 1941). 

Allergic skin reactions can be elicited in different ways; 
Partly, culaneously as excoriation tests, partly, intracutane- 
ouslj' as blistering tests, and finally, epicutaneonsly as patch 
tests. This latter mode of application, the technic of which 
was devised by Bruno Bloch"), has proved very significant and 
advantageous in dermatology, where patch tests are ever 
more frequently resorted to as a decisive diagnosticum in 
allergic skin affections. 

On the ground of the time elapsing till a positive reaction 
becomes wsible, the allergic skin reactions may be divided 
into instantaneous reactions and delayed reactions. 

Patch reactions will always appear as delayed reactions, 
since a positive reaction will require at least 24 hours and, 
sometimes, 48 — ^>- 72 hours, before it becomes visible. Quite 
exceptionally only will a patch test be responded to by positive 
reaction within a shorter space of time, for example 7 hours, 
and never so rapidly as an instantaneous reaction. 

Instantaneous reactions can be carried out as excoriating 
tests or as blistering tests, in either case the protective action 
of the stratum corneum is eliminated, and the allergen ap- 
plied is enabled to react almost instantaneously with the anti- 
bodies bound to the parenchymatous cells of the skin. A 
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positive reaction will appear almost instantaneously, at any 
rate wthin 20 minutes. 

Thus, excoriating tests and intracutaneous tests may elicit 
instantaneous reactions but not necessarily; for example, 
neither Pirquet’s reaction nor Mantoux’ reaction becomes po- 
sitive till at least 24 hours have elapsed. Patch tests on the 
contrary, as mentioned above, always produce delayed re- 
actions. 

The allergic skin reactions may also be divided according 
to their clinicomorphological mode of reaction. TV. Jadas- 
sohn^) divides them into (1) urticarious, (2), eczematous and, 
(3) neither urticarious nor eczematous, forms of reaction, 
closely follows this author and likewise divides the 
reactions into 3 groups; 

(1) The allergic skin reaction presents itself as an urti- 
carious reaction chiefly consisting of exudative-vascular 
changes. This tj'pe of reaction is particularly met with in 
patients with asthma, urticaria, allergic rhinitis and conjunc- 
tivitis, allergic prurigo (Besnier), hemicrania and in many 
rheumatics. 

(2) The allergic skin reaction presents itself as an ec- 
zematous reaction chiefly consisting of epithelial changes. 
This tjTpe of reaction is obseiwed in patients wdth allergic 
eczema. 

(3) The allergic reaction presents itself as an infiltrative 
process in the skin chiefly consisting of cellular and vascular 
changes. According to Jaffe. this type may be observed in 
reactions opposite bacterial antigens. 

Just as in all other biological reactions there are gliding 
transitions between the 3 types of reaction. 

Whether a positive I'eaction he intended as instantaneous or 
as delayed reaction, it represents an acute allergic inflammation 
in (he skin. The principle in allergic reaction is the phenomenon 
of .trthus. The pathological anatomy in the phenomenon of Arthus 
'uis described by Gcrlach'^) in a gi-eat rvork: Die liyperergische 
fc-utztindung, issued in 1923. 

Gerlach describes the details of the phenomenon of Arthus, 
V nch lie elicited in rabbits, guinea-pigs, dogs, and Man, partly 

1 I hog serum, partly with liorse serum, and he shows that the 



560 


mode of reaction of animals of different species may vary in degree 
but not in principle. The histological characteristic of Arthus's 
phenomenon is central necrosis due to stasis, edema, tissue swelling, 
and fibrinoid exudation, encircled by very pronounced cellular 
infiltration. In the majority of animal species the central processes 
led to necrosis, only in rats was the reaction less pronounced in 
degree, edema and tissue swelling being observed but no necrosis; 
peripherally was observed cellular infiltration as in other species 
of animals. The question whether the phenomenon of Arthus can 
be elicited in rats thus becomes a problem of definition. Longcopc^-') 
and Opic^^) arc of opinion that Ai-thus’s phenomenon cannot bo 
elicited in rats. If central necrosis is claimed as an indispensable 
characteristic of Arthus’s phenomenon, this phenomenon certainly 
cannot be elicited in white rats; however, that the changes pro- 
duced in the tissues are allergic tissue processes, is beyond all 
doubt. 

The cellular infiltration encircling the central necrosis in all 
the experiments performed hy Gerlacli consisted, in the acute stage, 
of polymorphonuclear leukocytes. Not till 34 hours at least after 
the injection did rabbits present incipient growth of adventitial 
and histiogenous cells, and after 51 hours the polymorphonuclear 
leukocytic cell element still had the preponderance. After Cl hours 
the mobilized connective tissue cells had become numerous. 

Thus the histological characteristic of Arthus’s phenomenon is 
a central necrosis encircled peripherally by a strong cellular in- 
filtration, which practically consists exclusively of polymoi-pho- 
nuclcar leukocytes. Comparatively soon the process shows signs 
of passing into a subacute stage with ingrowth of histiogenous 
cells. If the allergic reaction is not strong enough to cause necrosis, 
it is called hyperergic inflammation. In case of hyperergic inflam- 
mtation — described by Ilosslc^~) in 1914 — stasis, edema, tissue 
swelling, fibrinoid exudation, leukocytic infiltration with many 
eosinophils are observed but no necrosis. Arthus’s phenomenon 
must therefore bo interpreted as the pathologico-anatomical climax 
of the hyperergic inflammation. Also in the reports of the histo- 
pathology of allergic skin reactions the characteristic feature of 
this form of acute allergic inflammation is described as a chiefly, 
or purely, polymorphonuclear leukocytic reaction. Among the poly- 
morphonuclear leukocytes may he found a very great number 
of eosinophils. Berger tO Lonp’) in an allergic sensitive to flour 
examined the histological reaction from Vz hour to 24 hours after 
application of the specific allergen. They made use of hilrn- 
evlancQus tests and, at the 7 hour stage, observed violent reaction 
up to abscess formation in corium and subcutis, presenting almost 
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exclusively poljTOorphonuclear leukocytes 50 per cent of winch 
were eosinophils. There was lively disintegration of cells with tissue 
necrosis. After 24 hours the eosinophilia decreased somewhat, and 
a touch of lymphoid cells was observed though with distinct pre- 
ponderance of polymorphonuclear leukocytes. 

Jaiassohn°) corroborated Berger <& Lang’s observations but re- 
ported at the same time that morphine vesicles, atrophine vesicles, 
pilocarpine vesicles, and vesicles of mechanical origin in normal 
individuals likewise pi'esent distinct eosinophilic reaction. Jadas- 
sohn therefore does not consider eosinophilia as a sign of an 
allergic reaction hut as a sign of an urticarial mode of reaction. 

ilieschcr^'^) e.vamined the histological picture with the aid of 
patch tests on allergies, and compared the tissue reaction with the 
histological picture which appears in the skin of normal persons 
after application of a toxic irritant (for example mustard plaster, 
croton oil, and hydrochloric acid). In typical toxic reactions areas 
of inflammatory necrosis with sharp outlines are observed; even 
very extensive necrotic inflammations heal comparatively rapidly. 
Toxic inflammatory reaction never is attended by tissue eosino- 
philia. In allergic eczema tests, i. e. patch tests, typical cases 
present status spongiosus with intraparenchymatous vesicle forma- 
tion in the epidermis as well as tissue eosinophilia. However, status 
spongiosus may also be met with in case of toxic reaction, for 
example to croton oil, and the tissue eosinophilia varies. Thus 
Mieschcr found strong tissue eosinophilia in patients who were 
hypersensitive to pantUesin liniment, whereas positive reactions 
after application of salvarsan and balsam of Peru never were 
attended by local tissue eosinophilia. Mieschcr therefore concludes 
that the clinical picture of patch tests and the microscopically 
detectable spongiosis in the epidermis are characteristic but not 
pathognomonic of allergic eczema, as they may also be observed 
after application of purely toxic substances. Tissue eosinophilia 
is suggestive of allergy but the absence of tissue eosinophilia does 
not speak against allergy. Nor did Mieschcr find quite regular 
conditions noth regard to leukocytic infiltration in epidermis, corium 
and subcutis, both the allergic and the toxic patch tests revealing 
now preponderance of polymorphonuclear leukocytes, now of lym- 
phocytes. Yet, in the allergic reactions the epidermal spongiosis 
presented a fairly constant preponderance of lymphocytes. In order 
to emphasize that most of the cells that have migrated into the 
epidermis are mononuclears Bonnevie^) suggests supplementing the 
term epidermitis spongiovcsic^ilosa by adding the adjective Inrtvpho- 
cylolica. 

Almgc’s^i) investigation in acute anaphylactic arthritis in rah- 
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bits revealed an inflammation of almost purely polymorphonuclear 
leukocytic composition. In contradistinction to this Briniiv*), who 
copied Klinge's experiments, found an acute allergic inflammation 
in the injected joint, where almost purely Ij'mpho-histiocytic cell 
infiltrates were observed in all the cases. Moreover, in many cases 
were found acute allergic myocardites of likewise lympliohislio- 

cytic composition. The described processes were 2i ^>-.18 hours 

old; in such cases Biissle, Gerlach and Klinge found polymorpho- 
nuclear leukocytic reaction. In this connection it shall he mentioned 
that Brutm did find all the signs of acute allergic inflammation 
(stasis, edema, tissue swelling, fibrinoid exudation) hut never so 
strong a reaction as to cause necrosis. This may have different 
causes which must probably he sought in the seimra applied. Thus 
Klinge^-) in one of his latest works declares that the degree of 
the sensibilization may play a part for the histological mode of 

reaction: » Ilicr ist aher zu sagen, dass auch gleich am An- 

fang, heim Allci’gicvcrsuch wie heim Menschen, diese Rcaktion 
(i. e. the mono-histiocytic reaction) behcrrschend sein kann. In 
manchen Fiillcn allorgischcr Urticariaquaddcln warden schon friih- 
zeitig vorwiegend monozytiire Exsudate gefunden, und es mag vor- 
wegnehmend darauf hingewiesen warden, dass das jeweilige zellige 
Entziindungshild wie von der Art dcs Antigens, so auch von dem 
Grad dor Sensihilisierung ahhangt«. 

Pnffci'®),who has also carried out experiments of acute ana- 
phylactic inflammation in rabbits and guinea-pigs described, be- 
sides the central necrosis encircled by leukocytic infiltration with 
many eosinophils, an infiltration of large mononuclears and macro- 
phages in the periphery of the cellular infiltration as well as in 
the regions of tissue, which lie at a distance from the focus proper, 
and also an infiltration of mononuclear cells, which appears 
already during the acute stage (2-1 hours after the injection). 

There is no doubt that Gerlach has iiT/pcrsensitized his experi- 
mental animals, and thus produced very intensive reactions, and 
the fact that Klinge used fresh horse serum, whereas Brrivn ap- 
plied stored scrum, has probably become the cause of manifesta- 
tions of different reactivity. The primary tissue reaction in acute 
allergic inflammation consists of stasis, edema, swelling of the 
elementary substance with fibrinoid exudation. Next, the tissue 
is infiltrated with lyrapho-histiocytes, as was described, for example, 
in urticaria by Tiirbl;, Lchner <(• Kencdij-°). In the typical pheno- 
menon of .Arthus the vascular stasis and the edema are so dom- 
inant that necrosis ensues, and Btuvn'') thinks (hat the polymor- 
phonuclear leukocytes do not appear till the necrotic proce.sses have 
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formed, i.e. secondarily in relation to primary allergic tissue pro- 
cesses. 

It must, however, be kept in mind that the phenomenon 
of Arthus is an artefact, which can only serve as a standard 
test of the mode of response of the tissues to particular arti- 
ficial influences. With the aid of patch tests we get, however, 
much nearer the generally occurring (»natural«) morbid pro- 
cess in Man. In many cases, for example in patients with 
allergic eczema, the patient’s eczema can be reproduced with 
patch tests in isolated places, where it can be follow'ed from 
the very acutest stage and to the moment when it subsides 
entirely. By varying the concentration of the specific antigen 
applied as wmll as the time of application, a process can be 
elicited -svliich appears perfectly identical to the patient’s af- 
fection. 

If a patient who works with chrome compounds incurs 
eczema and reacts positively to cutaneous application of 
chrome as antigen, it is scarcely dubious that he is an allergic 
responding with eczema to the influence of chrome. The 
diagnosis is substantiated, if he, after recovery, reincurs ec- 
zema when he resumes his w’ork wnth chrome compounds. 

Twenty patients wdio w'ere treated in the dermatological 
department of the Rigshospital and wdio wmre ascertained to 
he allergies according to the afore-mentioned criterion, were 
tested cutaneously with the specific antigen; as soon as they 
presented positive reaction, the reacting part of the skin wms 
submitted to biopsy and microscopy. To the tests \vere pre- 
ferably submitted patients -who reacted monospecifically, that 
is to say, to one single substance, and with regard to w'hom 
it was reliably ascertained that the substance under con- 
sideration Avas the morbific agent. A few of the patients 
certainly did respond to several patch tests (polyspecifical- 
ly), but such patients were only included in the material, 
it they responded very strongly to that antigen which w'as 
incriminated for their disease, the other positive reactions at 
the same time being so faint that they must be considered 
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as »unspecific« in relation to the patient’s skin disease. 
Moreover, the substances for the cutaneous reactions were 
always applied in such weak concentrations that a corrosive 
or other action, which would manifest itself also in non- 
allergics, was excluded. Steiner^^) for example has shown 
that a 3 per mille sublimate solution has an irritative effect 
on healthy skin, whence concentrations below 3 per mille 
ought to he used for allergy tests. 

On those 20 patients biopsy of 22 cutaneous reactions \vas 
performed, 2 patients (Nrs. 12 and 13) being submitted to 
two tests each. The patients are divided into 3 groups; 

(1) Thirteen patients (Nrs. 1 — 13, Scheme I) suffering 
from allergic eczema. The patch t^sts revealed that the ec- 
zematogenous substances were sublimate, balsam of Peru, 
turpentine, primula obconica, chrome, coal-tar, Cuba ma- 
hogany, and fir-wood. 

(2) Four patients (Nrs. 14 — 17) were submitted to intra- 
cutaneous allergy tests which were of interest for their 
disease, 2 of them, suffering from epidermophytosis, being 
submitted to a trichophytin test, 1 patient with ulcus molle, 
to the Dmelcos test, and 1 patient with bronchial asthma and 
chronic bronchitis, to Mantoux’s test. 

(3) Three patients (Nrs. 18 — 20), who had been admitted 
to the department because of non-allergic affections (go- 
norrhea, scleroderma, non-allergic dermatitis), were sensi- 
tized to the action of dinitro-chlorbenzene after the method 
suggested by Haxthauserf) and, afterwards, submitted to 
patch tests with dinitro-chlorbenzene. 

The patch was mostly placed on the anterior and lateral 
surface of the upper third of the femur, w^here biopsy could 
he made under conduction anesthesia of the lateral cutaneous 
femoral nerve, w'hich rendered it possible to anesthetize at 
some distance from the place of incision. The anesthetic ap- 
plied w^as a novocain-adrenalin solution. Several of the patches 
were placed on the back between the scapulae, where biopsy 
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-was made on an area encircled by a large rhomboid anesthesia 
induced at a convenient distance from the place of reaction. 

The microscopy and the pathologico-anatomical descrip- 
tion of the reactions were carried out by the prosectors of the 
pathologico-anatomical institute of the Rigshospital, because 
I thought it would be appropriate to obtain a »neutral« valua- 
tion. I wash to express my appreciation to the prosectors 
P. Eskelund, M. D., and G. Teilum, M. D., for their helpfulness 
in carrying out the microscopy of the many preparations. 

For the differential counts on the preparations, which 
were made by the author, the strongest immersion lens was 
used, the cells in 5 different fields with pronounced reaction 
in each preparation being'.jcounted with a view to the number 
of polymorphonuclear leukocytes and lympho-histiocjdic cell 
forms. The group of lympho-histiocytic cells chiefly com- 
prises lymphocytes, large mononuclears and histiocytes but 
also plasma cells, macrophages, fibroblasts, and fibrocytes. 
Only cells lying extravascularly were included in the count, 
i. e. the tissue reaction proper, whereas cells doubtlessly lying 
intravascularly were omitted (see below). Percentual calcula- 
tions of the counts were omitted intentionally. For that pur- 
pose too few cells were counted (fields Avith a comparatively 
small number of cells preferably being selected for the sake 
of perspicuity), and the counting technic is too uncertain, 
since the cells lie in several planes and many of them there- 
fore may be overlooked. However, I think that %wth the 
method which I applied I have obtained a fairly correct 
estimate of the cellular composition of the reactions with 
regard to those two cell components that are of interest. It 
ds a matter of course that the fields were not selected so that 
places which were typical for that cell reaction I »desired« 
to see w’ere preferred, while other, more »atypical« places 
were discarded. That would also a priori be impossible, since 
the composition of the reactions was the same everywhere, 
as is evidenced by the descriptions supplied by the prosectors. 

Biopsy was generally made 24 hours after application of 
the substance. Two (Nrs. 5 and 11, Scheme I) were made 
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after 48 hours, because the 24 hour reactions were not reliably 
positive, and one (Nr. 12 a) was made after the lapse of 
7 hours. It would have been desirable, if biopsy had been 
made in a greater number of cases after the lapse of 7 hours, 
among other things because Berger & Lang, who worked with 
instantaneous reactions, made biopsies at the 7 hour stage. 
That was not feasible, however, because the patch tests 
generally were negative or, at the highest, very faintly posi- 
tive at the 7 hour stage with slight redness hut without 
eczematoid vesicles and infiltration. A single patient (Nr. 12), 
who presented positive reaction to a patch test after the 
lapse of 7 hours, was afterwards subjected to a 7 hours’ 
blistering test. 

Microscopy did not reveal any difference between the epi- 
cutaneous and the intracutaneous reaction (Nrs. 12 a and 
12 b. Scheme I). 

As signs of positive reaction to the patch tests were claimed 
redness and slight infiltration of the skin "with formation 
of small vesicles, i. e. the usual eczema criteria. As in all 
biological reactions there were gliding transitions from re- 
latively faint though distinct reactions to very strong reac- 
tions but never wth formation of necrosis. There seemed to 
be no definite proportionality between the intensity of the 
reaction and the extension and degree of the eczema. A patient 
with an »innocent« and not very extensive eczema, for 
example on the hands, could very well experience a very 
strong cutaneous reaction; the reverse was of less frequent 
incidence, a patient with very intense allergic eczema as a 
rule presenting a strongly positive cutaneous reaction (in so 
far as it was possible to detect the eczematogenous agent). 

The experimental results are recorded in Scheme I, which 
shows that 20 patients (10 men and 10 wmmen) aged 15 to 
71 years w^ere submitted to allergic cutaneous tests, and that 
microscopy of pieces of tissue removed for biopsy from the 
cutaneous reactions revealed, in all cases, an inflammation 
which, according to its manner of origin, must be considered 
as an acute allergic inflammation but in which the cell in- 
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filtrates virtually present exclusively lympho-histiocytic 
cell reaction. Fig. 1 and Fig. 3 are typical picUircs. The lym- 
pho-histiocytic preponderance was very convincing, only 

Q 10 polymorphonuclear leukocytes being found among 

several hundred cells. The organism evidently had mobilized 
the polymorphonuclear leukocytes, for many such were 



Fig. 1. 

Case Nr. 5. Hematoxylin-eosin staining, enlarged about 120 times. 
Patch test with chrome 1 per mille. Biopsy after 24 hours. Upward, 
epidermis with sero-sanguineous exudation, beneath which, corium 
studded wdth cell infiltrates. 

observed in the lumina of the vessels without, however, parti- 
cipating in the tissue reaction, for they were exceptionally 
only found extravascularly. This must probably he explained 
by the organism in case of an inflammatory process mobilizing 
all the available protective elements and sending them to the 
place of inflammation, where a suitable selection takes place. 
That the polymorphonuclear leukocytes thus move towards 
the place of inflammation without emerging from the vessels 
must be due to certain factors (negative chemotaxis?) pre- 
venting it; therefore it is warrantable to think that the poly- 
morphonuclear leukocytes only will be attracted and emerge 
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from the vessels, if other factors (disintegration of cells with 
necrosis, bacteria) than purely allergic factors assert them- 
selves. However, the reactions in the skin or subcutis were 
nowhere so intensive as to give rise to necrotic processes; 
nor was there any question of microbial infection. 

On the other hand, a good many cases presented distinct 
epidermal disintegration with laceration of the epidermal 
surface and exudation of serosanguineous fluid, cell disin- 
tegration and superficial necrosis in those places, where the 
patch had been applied to the skin. In these places, i. e. 
epicutaneously, numerous polj'morphonuclear leukocytes were 
seen in the inflammatory exudation, probably on account of 
cell disintegration with superficial necrosis; but it may a'cn 
be thought that the bacteria, which always are present on the 
surface of the skin, may play a role for the emigration of 
the polymorphonuclear leukocytes to the epidermal surface. 

As is evident from the description of the microscopy of 
the allergic skin reactions of Case 1 and Case 2, ca^ities with 
scanty content of cells of lymphocytic type w^ere found in the 
epidermis. In order to avoid repetitions the description of the 
epidermis is omitted in the following, the interest being 
focussed exclusively on the subepidermal cell infiltrates the 
study of w'hose composition has been tbe special object of 
this work. However, the missing description of the epidermis 
must not be identified W'ith the absence of epidermal cawties 
in the remaining cases. In by far the majority of the cases 
was found distinct cavity formation in the epidermis, tlius 
representing a real status spongiosus (epidermitis spongiovesi- 
culosa) ; Fig. 2 show’s such a case. Such changes were not in 
any case detected in the control material (see later). 

Case 12 a shows that the reaction as early as 7 hours after 
application of the patch is of almost purely lympho-histiocytic 
composition. It is, therefore, justifiable to believe that the 
reactions do not at any moment present a greater admixture 
of polymorphonuclear leukocytes. 

Case 12 b show’s that a vesicular reaction to chrome, in 
this case at any rate, is not eosinophilic, and that there is 
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an acute allergic inflammation of chiefly lympho-histiocytic 
structure. 

Thus the investigations seem to show that an epicutaneous 
allergic skin reaction, whether it he of 7, 24, or 48 hours’ 
standing, is attended by an inflammation in the skin, which 
according to its manner of origin must be termed acute but 



Fig. 2. 


Case Nr. 12 b. Hematoxylin-eosin staining, enlarged about 190 times. 
Patch test with chrome 1 per mille. Biopsy after 7 hours. Status 
spongiosis in epidermis. 

which differs from the majority of non-allergic acute inflam- 
mations by consisting chiefly of lympho-histiocytic cells; this 
applies both to the epidermal spongiosis and to the inflam- 
matory infiltrations in corium and subcutis. The few intra- 
cutaneous allergic skin tests (Dmelcos test, trichophytin test, 
and Mantoux’ test) elicit the same reaction as the epicutane- 
ous tests. 

These observations seem in a high degree to support 
Bruun’s conception of the tissue reactions in acute allergic 
inflammations: The primary, purely allergic tissue processes 
consist — besides of stasis, edema, tissue swelling, and 
fibrinoid exudation — of a cellular infiltration which is chiefly 
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composed of lymphocytes and histiocytic cells. If a greater 
number of polymorphonuclear leukocytes is found, their 
existence must be considered as a secondary phenomenon due, 
for example, to necrosis or bacteria. 

If one of the factors (for example necrosis), which are 
responsible for the appearance of polymorphonuclear leuko- 
cjdes in the allergic cellular infilti'ations, appears during the 
nascency of the allergic tissure reactions, primary and 
secondarj' allergic tissue processes will be seen at the same 
time, nay the secondary processes (the polymorphonuclear 
leukocytes) will even dominate the microscopic picture, as 
they do in the classical phenomenon of Arthus. However, in 
attenuated forms of Arthus’s phenomenon, for example in 
allergic cutaneous reactions, provided that the antigens are 
applied appropriatelj', forms of inflammation will be seen in 
which the picture is dominated by the more purely allergic 
tissue processes. Both macro- and microscopically these reac- 
tions seem to be identical Awth the conditions known from 
allergic moi'bid pictures in Man. 

It might be asserted that the lymphocytic inflammation 
infiltrates, which were found in these investigations, could be 
ascribed to the anestheticum applied (novocain-adrenalin), 
and thus be an effect of adrenalin. For, Tonietti^^) reports 
that the injection of adrenalin gives rise to lymphocytosis in 
the blood on account of sympathicus irritation. It might there- 
fore be assumed that tissue lymphocytosis would appear, too. 
That is not the case, however. In the first place, many of the 
biopsies were carried out under conduction anesthesia far 
from the place of incision, and in the second place, the con- 
trol experiments, in which biopsies were likewise performed 
under novocain-adrenalin anesthesia, chiefly presented cell 
reaction of polymorphonuclear leukocytes. 

As a control experiment it was endeavoured in different 
ways to elicit an acute non-allergic and non- bacterial inflam- 
mation in skin and subcutis of 4 non-allergic persons (Nrs. 
21 — ^24). In 2 persons the inflammatory reaction was elicited 
by superficial freezing with carbon dioxide snow, in 1 person 
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as a slight diathermy burn with a very fine electrode, and in 
1 person as a corrosion -with 2.5 % sublimate as patch test. 
Biopsy was carried out after 24 hours. The results are re- 
corded in Scheme II. 

Scheme II shows that, in 4 cases of acute non-allergic, 
non-bacterial inflammation, a form of reaction was found 
quite different from the above described acute allergic in- 
flammation. In all the 4 cases the non-allergic infiltration was 
chiefly composed of polymorphonuclear leukocytes, even 
though there were many lymphocytes, too. The preponderance 
of the polymorphonuclear leukocytes in these experiments 
never was so conspicuous as the preponderance of the lym- 
pho-histiocytic cells in the allergy experiments, but still there 
is no doubt that there is a question of two histologically far 
different forms of inflammation, as is distinctly seen on com- 
parison with Figs. 3 and 4. In none of the 4 control cases was 
status spongiosus seen in the epidermis or eosinophilic cells 
in the infiltrates. 

One thing still remains unelear, namely, the importance 
of the eosinophilic leukocytes in allergic tissue reactions. It 
is a matter of fact — nor did I with the present work by any 
means intend to refute this fact — that in the phenomenon 
of Arthus an astonishingly great number of eosinophils may 
be found among the polymorphonuclear leukocytes. As was 
mentioned before, Berger & Lang by biopsy of an intracu- 
taneous reaction in a flour allergic found up to 50 per cent 
of eosiniphilic cells. Nor are eosinophilic cell infiltrates of 
rare occurrence in the lungs of asthmatics, and blood eosino- 
philia in allergies is found occasionally. However, eosino- 
philia is by no means a specific sign of allergy, since it may 
he met with in conditions which seem to have no connection 
with allergy at all. Moreover, Miescher’s interesting report 
shows that patch tests with some substances, for example 
panthesin liniment, produce distinct tissue eosinophilia, 
whereas patch tests with other substances, for example sal- 
“varsan, do not entail eosinophilia, although there could be 
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Fig 3. 

Case Nr. 3. Hematoxylin-eosin staining, enlarged about 945 times. 
Patch test with turpentine. Biopsy after 24 hours. Part of cell 
infiltrate in corium. Reaction of purely lymphohistiocytic cells. 



Fig. 4. 

Case Nr. 22. Hematoxylin-eosin staining, enlarged about 945 times. 
Freezing of portion of femoral skin with carbon dioxide snow for 
5 seconds. Portion from subcutis. Mixed cellular infiltration chiefly 
composed of polymorphonuclear leukocytes. 
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no doubt of the allergic nature of the positive salvarsan patch 
test. In a single one of the cases examined in the present 
work (Nr. 10, patch test for turpentine) only a fe\v eosino- 
philic cells were found. On the whole, how'ever, few’ or no 
eosinophilic cells w’ere observed, and virtually no myeloid 
cells w’ere found extravascularly. Consequently it is probable 
that the eosinophilic leukocytes must likewdse be considered 
as a secondary allergic phenomenon. 


Summary. 

In 20 patients admitted to the dermatological department 
of the Rigshospital positive allergic skin reactions w’ere found. 
Sixteen of the patients w’ere submitted to epicutaneous patch 
tests, and the remaining four to intracuaneous tests. 

Biopsy performed 24 hours after application revealed in all 
the cases an inflammatory reaction of chiefly lympho-histio- 
cytic composition. In isolated cases biopsy was made 7 and 48 
hours, respectively, after application. In these cases the cell 
infiltrates likewise consisted chiefly of lymphocytes and 
histiocytic cells. Few’ or no eosinophilic cells w’ere observed. 

There w’as no detectable difference betw’een the cell infil- 
trates in the epicutaneously and the intracutaneously elicited 
reactions. 

On the base of the present and of prewous works the 
author thinks that the primary, purely allergic tissue reac- 
tions — besides of stasis, edema, tissue swelling, and fibrinoid 
exudation — consist of a cellular infiltration of almost purely 
lympho-histiocytic structure. Only if the primai’y allergic re- 
actions are so intense as to give rise to necrotic processes, 
the polymorphonuclear leukocytes w’ill appear in the place 
of inflammation, and then they will be able ■ — as in the clas- 
sical phenomenon of Arthus — to dominate the histological 
picture. 
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